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PREFACE 
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1,0 INTRODUCTION 

Theoretical calculations of exhaust nozzle performance are often 

required to aid in the evaluation of engines tested at the Arnold 

Engineering Development Center (AEDC). In the past~ most propulsion 

nozzles have been axisymmetric and well-establlshed computer programs 

are available for computing the flow field in such nozzles. However, 

future tests at AEDC will involve engines with three-dlmenslonal (3-D) 

exhaust nozzles, and no programs have been available for computing the 

flow field in 3-D nozzles. Consequently, development of 3-D computer 

programs for both the transonic and supersonic portions of the flow was 

initiated. This report describes thesupersonlc computer program, which 

is based on the method of characteristics ~OC) .... Of course, the compu- 

ter program described herein is not limited to computation of propulsion 

nozzle performance, but is also applicable to many other 3-D supersonic 

internal flows. 

Except for the boundary-layer region near the wall, supersonic 

nozzle flow can be computed with adequate accuracy by assuming the fluid 

to be inviscid and adiabatic. In addition, most nozzle flows do not 

contain strong shock Waves, so the nozzle performance can be adequately 

predicted by assuming the flow to be shock-free. However, because of 

flow phenomena upstream of the nozzle entrance, the flow in propulsion 

nozzles is often significantly rotational. The rotationality of the 

flow entering the supersonic region persists throughout the flow field. 

In this study, the rotational MOC was chosen as the basis of the 

numerical analysis. The mathematical theory of characteristics is 

well established, and many computer programs have been based on the 

method, particularly for planar and axisymmetric flow. Several programs 

have been developed to compute the flow over 3-D bodies (e.g., Refs. I 

and 2) and special types of 3-D internal flow have been solved with the 

method (Ref. 3). However, few attempts have been made to compute 

general 3-D supersonic internal flows with the MOC. 
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2.0 GOVERNING EQUATIONS 

In this section, the governing flow equations and the resulting 

characteristic equations are presented. These equations are well docu- 

mented in the literature (e.g., see Ref. I); therefore, no development 

will given. 

2.1 EQUATIONS OF MOTION 

The steady, inviscid, 3-D flow equations for an ideal gas are: 

Continuity: 

÷ + + p _ a , ,  ÷ = o 
0~ Oy Oz \Ox ay (1) 

Momentum: 

u_au + v_OU + w_a~' + i. ap _ o 
ax ay az p a x  (2) 

u av .-,- v av_ - w dr- 4- 10p  _ 0 
ax ay  az  p a y  

(3) 

uOW + y a w  + _  w Ow_ + i Op _ o 

Ox Oy Oz p Oz 
(4) 

Energy: 

State: 

uOh + v 01, + w a h  

ax ay az 
: ( u a ~ - , , a ~ + , , , a : ) =  o 
P ax ay (s) 

p = p R T  (6) 

6 



2.2 C H A R A C T E R I S T I C  E Q U A T I O N S  
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The equations of motion g i v e  rise to two sets of characteristic 

surfaces. The defining equations are 

(uf x + Vfy + wfz) 2 = 0 ( 7 )  

and 

Wgz)2 _ 2 (g2 2 ~) (ug x + Vgy + . \. x ~- gy + g = 0 (8) 

where f (x, y, z) ffi 0 and g (x, y, z) = 0 are the characteristic surfaces. 

The first surface is composed of streamlines and the second is the Mach 

conoid. The equation of a ray, or bicharacteristic, of the Mach conoid 

may be expressed as 

dx = (cos ~ s i n O  - s in /3  c o s O c o s a )  dL (9) 

dy = (cos /3  cos O s i n . 6  - sin ~ (sin O s i n . 6 c o s  ~ - cos  .6 sin 8 ) )dL 

-¢ 

(1o) 

dz = (cos ~ c o s  O c o s . 6  - s i n ~  ( s i n O c o s 6 c o s 8  + sin .6 sin 8 ) ) d L  ( 1 1 )  

where 8 ls the Math angle, dL ls the dlstance along the blcharacterlstlc, 

6 is a parametric angle, and 8 and ¢ are related to the velocity vector 

by 

u = q s i n O  ( 1 2 )  

v = q c o s  O s i n . 6  (13) 
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w = qcosOcos~, (14) 

The parametric angle ~ lies in a plane normal to the velocity 

vector and is measured from the pla~e containing q and x. The rela- 

tionships between the variables are shown in Fig. I. 

X 

Z 

/-. u/ .,1 ; / 
/ "'--.7 I,'" 

.... " ~// / 
Figure 1. Coordinate system. 

2.3 COMPATIBILITY EQUATIONS 

The compatibility equations are determined by the flow equations 

and the requirement that thederivatives in a direction normal to the 

characteristic surface disappear. The compatibility equation which 

applies along the Mach conold is 

8 
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cot , 8  a__pp + cos t~O0 + cos  Osint~r~'tb 
2 aL aL aL P q (15) 

a a 
where-~ and~-~ are derivatives along and normal to the bicharacteristic. 

The compatibility equations along a streamline are 

Y RdT = ! dp  (16 )  
>-f 

and 

/ d p  = , - q d q  (1 7) 
P 

3.0 NUMERICAL PROCEDURE 

The numerical procedure is similar to the one developed by Strom 

(Ref. I) for external flow. The method traces streamlines from a known 

reference plane to the next reference plane as illustrated in Fig. 2 for 

a field point. The flow properties at approximately equally spaced 

points on an initial plane normal to the z axis are assumed known. The 

reference planes throughout the flow field are assumed to be normal to 

the z axis. 

3.1 METHOD OF SOLUTION 

A new reference plane is located a distance dz from the initial 

plane. This distance must be determined such that the Courant-Friedrichs- 

Lewy (C-F-L) stability conditions are satisfied (Refs. I and 4). The 

C-F-L stability conditions are satisfied if dz is smaller than the 

minimum intersection distance of the Mach conoids from the initial 

points. 
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P2 

i .(" 
• 

\ 

S 

f S' 

p J  

f 

New Reference Plane 

Initial Plane 

• Known Points in Initial Plane 
o Point in New Reference Plane (P2) 
x Points in Initial Plane on Bicharacteristics from P2 

- -  Streamline 
- - -  Bicharacteristic 
----Domain of Dependence of Difference Network 
- -Doma in  of Dependence of Differential Equations 

For the C-F-L stability conditions .to be satisfied, the domain of 
dependence of the differential equations must be contained within 
the domain of dependence of the difference network. 

Figure 2. Field point network. 

The intersection of a streamline from a point PI in the initial 

plane with the new reference plane locates point P2' Four bicharac- 

teristics, 90 deg apart, from P2 to the inltial plane yield points P3' 

P4' PS' and P6" 

The properties at PI and eight surrounding neighbors in the initial 

plane are surface fitted. The flow conditions at points P3 - P6 are 

evaluated from the surface fit. The compatibility equations are applied 

10 
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along the blcharacterlstfcs and the streamline t o  obtain the flow condi- 

tions at P2" This procedure is iterated until the flow conditions at P2 

converge. When all points on the new plane are determined, the new 
l 

plane becomes the initial plane for the next calculation. 

3.2 WORKING EQUATIONS 

Several of the computational steps are the same for both field 

points and body points. These common phases of the procedure will be 

discussed first. Then the computational steps required for field and 

body points will be presented individually. 

3.2.1 Common Procedures 

The surface fit of the flow properties at PI and eight neighboring 

points in the initial plane is made once in the iteration procedure to 

obtain P2 and its properites. The fit chosen is a spllne surface fit 

(Ref. 5) which fits a variable w as a function of x and y: 

9 

w(x,y)  = aO + UlX + a2Y + E b i r ~ l n  r ~ (18)  
i= l 

where 

2 (x i)2+ - 

Five variables are fit: p, p, q, 8, and ~. The surface fit is used to 

evaluate the variables at P3 - P6' The p a r t i a l  d e r i v a t i e s  - ~ a n d  

~-~ are also evaluated using this fit: 

9 

Ow= al + 2 b i 1 +In,' i ( x - x i )  (19) 
dx 

i= 1 

II 
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9 

a~' E -- =a 9 4- 9 

Oy.. - t = t  

2 ,, (1 +,° ~, ) ( : -  :.,) (20) 

~0 a~ 
The derivatives-~and-~used in the compatibility equation along 

a bicharacteristic must be obtained. The procedure for evaluating them 
3O 

is the same; therefore, only the procedure to obtain ~will be given. 
~0 

Write.as 

= \ O ~ /  (21) 
i i i i i i i 

a0 a0 ~0 
The d e r i v a t i v e s  ~-~x and ~-~v a r e  o b t a i n e d  f rom t h e  s u r f a c e  f i t .  Then,  

i s  o b t a i n e d  by w r i t i n g  t h e  e q u a t i o n  as  a d i f f e r e n c e  e q u a t i o n  and s o l v i n g  
~0 

f o r  ~--; : 

o,_- c,,-x+. ) ,, (22) 

The derivatives normal to the bicharacteristlc are obtained from t h e  

c o o r d i n a t e  t r a n s f o r m a t i o n  as  
i 

CO~--~l~) :-cosSsinB i 
i 

(23) 

( 0 . ~  : sin O s h i  ~ s i n  ~i + cos ~ cos ~i 
i 

(24) 

(O~N) = sinOc,,s~sinB i - s i n ~ c o s B  i 
i 

(25) 

a0 
The final form of ~ becomes 

N/~/ " + 
(26) 

12 
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For the first iteration, the flow properties at P2 are assumed to 

be the same as at PI" Thereafter, the last computed values are used. 

In the sections on the field point and body point, the average values of 

flow properties are the averages of the two points involved in the 

calculation (for example, 8 = (81 + 82)/2). 

3.2.2 Field Point Routine 

Given an initial field point PI and eight neighboring points in the 

initial plane (Fig. 2), spline surface fits of p, p, q, 8, and ~ as 

functions of x and y are made. The iteration for the point P2 and its 

flow properites consists of the following steps. 

Step I. 

The intersection of the streamline from PI ~rlth the new reference 

plane locates the new field point P2' 

x 2 = x I - sin6 dz/(cos8 cos.~) 
#" i" .'s 

(27) 

Y2 = Yl + sin~dz/cos (28) 

z 2 = z l + dz (29) 

Initially e and ~ are the values at PI" 

average of e and ~ at PI and P2" 

Step, 2 

Successive iterations use the 

Four bicharacteristics extended from P2 to the initial plane give 

the base points Py P4' P5' and P6" The flow properties at P2 are 

13 
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assumed to be the same as those at PI for the flrst iteration. There- 

after, the flow properties at P2 are the last values computed. The 

bicharacterlstics are located at the parametric angles 6 = 0, ~, w, 

and 3~ --~. The equations for the base points are 

(3o) 

Yi = Y2 -:[cosfl cos g sin ¢ -  sinfl (sing sine cos6 i - c o s ¢  sin 6i)]dL i (31) 

z[ = z I (32)  

dLi = dz/~osfl  cosg c o s ~ -  s i n f l ( s i n g  c o s ~ c o s a i  + s i n ~ s i n  6i~ ] (33) 

For the first iteration, the angles 6, 0, ~, and 6 are those at P2" 

Successive iterations use the average of the values at P2 and PI" 

Step 3 

The compatibility equations along the blcharacterlstlcs are solved 

for p, e, and $ at P2" Only three of the blcharacteristics are required; 

however, to improve accuracy, four solutions are obtained using three 

blcharacteristics at a time. The results of the four solutions are 

averaged to obtain the values of p, e, and ~. The compatibility equation 

in difference form is 

cot  fl i  

2 
Pl ql 

+ sin~ i os0 i c o s S i ~ , 0 N / i  - sin8 i .dL i =0 

(34) 

14 
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The equation contains the three unknows P2' 82' and *2" The 'dom~ati- 

billty equations using P3' P4' and P5 are solved simultaneously for 

P21' 821' and ~21 - similarily, (P4' Pb' P6 )' (Pb' P6' P3 )' and (P6' P3' 

P4 ) are used to obtain values of p, 8, and @. Thus, P2 = (P21 + P22 + 

P23 + P24 )/4" In the compatibility equation, ~i' Pi' qi' and 6. are i 
the average of the values at P2 and Pi" 

The variables 02, T2, and q2 are obtained from the compatibility 

equations along the streamline. The flow along a streamline without 

• shocks is isentropic. Therefore, the equations integrate to the 

following forms for an ideal gas: 

y-__i 
Y 

rr 2 = Tts (35) 

P2 = R T2/P 2 (36) 

q2 =~/2 y_-~ (T t s -T  2) (37) 

where T 
ts 

Step 4 

and Pts are the stagnation values for the streamline. 

The preceding steps are repeated until the flow conditions at P2 

converge. If there is no convergence after 25 iterations, the results 

are checked with a reduced convergence criterion. If this is satisfied, 

the point is accepted and a message printed. Otherwise, the program 

terminates. 

15 
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3.2.3 Body Point Routine 

Given the properties of an initial body point PI and those of eight 

neighboring points on the initial plane (Fig. 3), spllne surface fits 

are made. The body surface is assumed to be given by 

B (x, y, "-.) = 0 (.38) 

where B is either a known function or a surface fitting element in the 

region of the body point. The iteration for the new body point P2' in 

the new reference plane, and its flow properties consists of the 

following steps: 

Step 1 

The new body point P2 is located at the intersection of a plane 

through PI' defined by the body unit normal and the unit velocity vector 

tangent to the body at PI' with the body surface at the new reference 

plane. This requires the simultaneous solution of the following equations: 

B (x,y, z) = 0 (39)  

and 

(n3c°sOc°s  -.n  'osOsinV,) (x - x,)+ (n sinO 

- n 2 c o s  O c o s O )  (Y - Yl )  = ( n 3 s i n  0 - n I cos  O s i n ~ ) d z  

(40) 

where n I, n 2, and n 3 are unit normals to the body surface. The first 

iteration uses the values of 8, ~, nl, n2, and n3, at PI" Successive 

iterations use the averages of the properties at PI and P2" 

16 
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Step 2 

This step is similar to Step 2 of the field point routine. However, 

only three bicharacteristics are used for the body point calculations. 

The parametric angles used are 

8 3 = arc cos (-"Isin@c°s ,~ ~ n 2cos @ - n3sin @sin '~) (41) 

84 = 83 - =./2" ( 4 2 )  

~5 = 83 - =""2 ( 4 3 )  

Step 3 

The compatibility equations along two bicharacteristics are solved 

simultaneously with the condition for flow tangency to the surface at 

P2" The equation for flow tangency, which provides an additional rela- 

tionship between % 2 and ~2 may be expressed as 

n i 2 c o s  ~2 cos ~2 + n22sin @ 2 + n32cos  62 sin '~2 = 0 (44 )  

where n12 , n22 , and n32 are unit normals to the body at P2" A Newton- 

Raphson routine is used to solve this system of equations. The base 

points P3 and P4 are used to obtain P21' 821' and ~21; P3 and P5 are 

used to obtain P22' %22' and ~22' These two results are averaged to 

obtain the values at P2 (P2 = (P21 + P22 )~2)" 

The compatibility equations along the streamline are solved the 

same way as for the body point yielding P2' q2' and T 2. 

17 
k 



Step 4 

P2 

The iteration procedure for the body point is the same as the 

procedure used for the field point. 

AEDC-TR-78~8 

I nitial Plane 

• Known Points in Initial Ptane 
o Point in New Reference Plane and Body Surface (P2) 
x Points in Initial Pla~e on Bicharacteristics from P2 

Streamline 
- - - -  Bicharacteristic 
. . . .  Domain of Dependence of Difference Network 
......... Domain of Dependence of Differential Equations 

Figure 3. Body point network. 

3.2.4 Computer Program 

The preceding equations were programmed In FORTRAN IV language for 

solution on an IBM 370/165 computer. A description and listing of the 

program is given in Appendix A, and an example problem is given in 

Appendix B. The program requires a storage capacity of approximately 

192,000 bytes. 

18 
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4.0 RESULTS AND DISCUSSION 

The present 3-D MOC program was evaluated by computing t h e  flow in 

a typical axlsymmetric nozzle. With 7 : 1.24 and uniform flow in the 

throat, the nozzle produces an exit Mach number of 4.1. The 3-D MOC 

computations were done in three different ways (see 4). 

f 
,o!" 
J_ 

(~ and 
z Axis - Case I 

z Axis - Case 2 

Final 
- -Start ing Plane P lane- -  

(Nonuniform Flow) 

. .  z Axis - Case 3 

Figure 4. Geometry for test cases. ... 

Case I - The z axis was aligned with the geometri c centerline 

of the nozzle. 

Case 2 - The z axis was parallel to the nozzle_centerllne but 

was displaced by a distance of 10 nozzle throat radii; 

thus, the z axis for the flow field is completely outside 

the nozzle. 

19 
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Case 3 - The z axls was rotated 5 deg relative to the nozzle 

centerllne. In thls case, the flow in the starting plane 

Is nonuniform and was obtained by interpolation from the 

flow field predicted for case I. 

The predicted wall Mach number dlstrlbutlon for case I is shown in 

Flg. 5 along wlth the predictions of the Lockheed axlsymmetrlc MOC 

computer program (Ref. 6) which Is well verified and widely used. The 

results from the two programs are in good agreement. At the nozzle exlt 

plane, the circumferential variation of wall Mach number calculated by 

the 3-D MOC program is much less than one percent. 

4 . _ r ~  

z 

SC MOC Program 2 
~ 1 ~ F o 3-DMOCPr, ogram 

OI  I I I I I 
0 . 4 8 12 16 20 

Distance atong Nozzle Centerline, z/r* 

Figure 5. Results for z axis aligned with nozzle centerline. 

I 

The results of the three 3-D Computations are compared In Fig. 6 

where it is seen that the three predicted wall Mach number distributions 

are essentially identical. 

I 

These computations of axlsymmetrlc nozzle flow, done the "hard way" 

wlth the 3-D MOC program, indicate that the program is acceptably accu- 

rate and is capable of computing the supersonic flow in complex configu- 

rations. 

20 
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m 

' - -  4 - - -Or  ~ -  
° 

" 3 Z 
e -  

u Nozzle Centerli ne 
_~= 2 ~ o z AxisDisplacedi~r * 

A z Axis Rotated 5 deg 

0 I . I I I I J 
0 4 8 12 16 20 24 

Distance along Nozzle Centerline, zlr ° 

Figure 6, Results of 3-D MOC program. 

In each of the test cases, 346 streamlines were traced throughout 

the flow field. For cases I and 2, 78 reference planes were computed 

which required a CPU time of approximately 25 min. Fewer reference 

planes were computed for case 3, with a corresponding reduction in CPU 

time. 

5.0 CONCLUDING REMARKS 

The results obtained for an axisymmetrlc nozzle with the 3-D MOC 

computer program are acceptably accurate. However, additional verifi- 

cation of the program is clearly required. The predictions of the Code 

should be compared with experimental results for 3-D supersonic flows, 

whenever adequately detailed experimental results become available. 

Two extensions of the 3-D MOC computer program are recommended. 

First, the program should be modified to include a constant-pressure 

free boundary condition for part of the flow field. This modification 

would permit the computation of the exhaust plume from a 3-D nozzle. 

The second recommended modification is the inclusion of shock formation, 

both within the nozzle and in the exhaust plume. 

21 
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APPENDIX A 
DESCRIPTION OF COMPUTER PROGRAM 

D E S C R I P T I O N  OF R O U T I N E S  

N A M E  

MA IN 
BDYF I T  
BODY 
CARD IN 
CUT 
OEt. TAF 
D I S T  
F :I EI~'D 
F IND 
F I N D B P  

. F I T  
| D E N T  
INGEON 
I N P U T  
NE IGH 
NEWRAP 
NORMAL. 
OUTPUT 
SIMQ 
SOL VBP 
SORT 
THR EED 

F U N C T I O N  

C A L L S  C A R D I N e  INGEON~ I N P U T t  AND THREED 
CURVE F I T S  BODY I N  AREA OF I N T E R E S T  
BODY P O I N T  R O U T I N E  
READS AND P R I N T S  I N P U T  CARD IMAGES 
I N T E R P O L A T E S  THE BODY GEOMETRY I N  CURRENT PLANE 
COMPUTES THE B I C H A R A C T E R I S T I C  ANGLE OELTA 
COMPUTES N I N e  D I S T o  OF C H A R A C T E R I S T I C  I N T E R S E C T I O N S  
F I E L D  P G I N I  R(~UTINE 
L O C A T E S  P O I N T S  NEAREST TC G I V E N  P O I N T  
L O C A T E S  BODY GEOMETRY P O I N T  NEAREST G I V E N  P O I N T  
SURFACE F I  T R O U T I N E  
t t l ~ IYES HEADER AND T R A I L E R  L A B E L S  ON PLOTS 
READS GEOMETRY I N P U T  
READS S T A R T I N G  PLANE I N P U T  
L O C A T E S  (OR READS)  8 NEIGHBORS OF EACH I N P U T  P O I N T  
NEWTON--RAPHSON R O U T I N E  
COMPUTES THE NORNAL VECTOR TO THE BODY S U R F A C E  
CONTROLS P R I N T E D o  PLOTTEOe AND T A P E  OUTPUT 
SOLVES SYSTEM OF 5 I N U L T A N E O U S  L I N E A R  EQUAT IONS 
SOLVES FOR THE L O C A T I O N  OF A BODY P O I N T  
SORT R O U T | N E  
CONTROLS THE 3 - D  C A L C U L A T I O N S  

23 
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INI~UT NOMENCL& 1' URE 

G 
HEAD 
IOBUGI  I ) 

INV  

I N E I G H  

[ P L O T  
I T i l l  

I T Y ~ E  

[ T I I  
F T I 2  
I v (  ! ) 
J,t4 A X 
JPT  
NBT. 
N E ( J o K )  
NPTS 

HRAYS 
NF,  

R A T I O  OF S P E C I F I C  HEATS 
PROBLEM D E S C R I P T I O N  
S P E C I A L  P R I N T  F L A G S  =0 NO P R I N T ;  = |  P R I N T  

I D B U G (  1 )  P R I N T  I N P U T  GECMETRY 
I O B U G (  2 )  P R I N T  F I K A L  GECMETRY 
I D B U G (  3 }  P R I N T  I N I T I A L  PLANE INPUT 
I D B U G (  41.) P R I N T  F I N A L  I N I T I A L  I~L.ANE DATA 
I O B U G {  5 )  P R I N T  NEIGHBORS 
I D B U G ( t I  I P R I N T  NORNAL C A L C U L A T I O N  

I N I T I A L  PLANE DATA TYPE 
I NV=O Q THET A P S i  
I MY= |  N T H E T A  PS 1 
I NV=2  II U V 

NEIGHBOR CONTROL 
I N E I G H = 0  NEAREST P o I N T s  ARE NEIGHBORS 
I N E I G H = I  S P E C I A L  C O M P U T A T I O N  OF N E I G H B O R S  
I N E | G H = 2  READ NEIGHBORS FRON CARDS 

I F  ITYPE '=O AI~O I N E I G H = 0 t  ENEIGH I S  SET TO l 
= 0  NC P L O T S ;  =1 P L C T S  
C O O R D I N A T E  SYSTEM FOR BODY P O I N T S  AT T H i S  S T A T I O N  

I T ( I  ) = 0  RECTANGULAR COORDINATES 
I T ( I ) = t  PCLAR C C C R D I N A T E S  
[ T ( I I = 2  PCLAR CCI3RDINATES - AX ISYNNE[41C  

C O O R D I N A T E  SYSTEM FOR S T A R T I N G  PLANE INPUT 
I T Y P E = 0  PCLAR C C C R O I N A T E S  - A X | S Y M N E T R I C  
I T Y P E = I  PCLAR COORDI I~ATES 
I T Y P E = 2  RECTANGULAR CC'ORO I NAT ES 

FLOW F I E L D  TAPE CUTPUT [ 1 1 1 = 0  NO T A P E ;  [ T I I = I  T A P E  
BODY DATA TAPE OUTPUT | T I 2 = 0  NO T A P E ;  I T I 2 = |  T A P E  
NOe CF 8COY P C I N T S  AT T H | S  S T A T I O N  
M A X I N U N  NOe OF P L A N E S  TO BE CONPUTEO 
P R I N T  EVERY J P T  PLANES 
=0 I N P U T  FOR F I E L D  I = C I N T ;  --1 I N P U T  FOR BODY P O I N T  
THE J ' - T H  NEIGHBOR OF THE K--TH P O I N T  
TOTAL NO. OF P O I N T S  i N  S T A R T I N G  PLANE 

I F  I T Y P E : O  NOD OF P O I N T S  ON A RAY 
NOe OF RAYS I F  [ T Y P E ' = O ;  CTHERWISE NOT USED 
NOe OF S T A T I C N S  OF BODY GECNETRY INPUT 
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[N | *UT  NOMENCLATURE ( C O N T o )  

P ( I )  
P . ~ I (  ! ) 
p' i 'o  ( I ) 
P T 0  
O ( l )  
RQ 
T ~ T A I  I ) 
TTO 
x ( I )  

XC( J .  I ) 
Y ( l l  

Y C ( J t l )  
Z C ( [ )  
Z ~ A X  
ZO 

PRES SUITE 
ANGLE SHOtlN I N  F I G .  I ; OR V I F  INV- -2  
T O T A L  PRESSURE AT P O I N T  ( I F  O e 0 o  SET TO P T 0 )  
TOTAL PRESSURE FOR I R R O T A T I C N A L  FLG~  
V E L O C I T Y  I F  I M V = 0 ;  NACH NUMBER I F  I M V = | ;  W | F  | M V = 2  
GAS CONSTANT 
ANGLE SHOtlN I N  F I G e  I | OR U [ F  IMV---2 
TOTAL TEMPERATURE 
P O I N T  I N  S T A R T I N G  PLANE 

X I F  | T Y P E = 2 |  R EF I T Y P E = 0  OR 1 
BODY P O I N T  X I F  I T ( 1 ) = 0 ;  R I F  I T ( I | : 1  OR 2 
P O [ N T  I N  S T A R T I N G  PLANE 

Y I F  | T Y P E = 2 ;  ANGLE I F  I T Y P E = 0  OR 1 
BODY P O I N T  Y I F  I T ( I ) : O ;  ANGLE I F  I T ( l ) = 1  OR 2 
Z L O C A T I O N  OF BODY S T A T I O N  
MAXIMUM Z L O C A T I O N  FOR C A L C U L A T I O N S  
Z L O C A T I O N  OF S T A R T I N G  P L A N E  
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I N P U T  CARDS I N  ORDER READ 

CARD FORMAT 

1 ( 2 0 A 4 )  

2 ( 801  1 ) 

3 ( i s )  

4 ( 2 i 5 • E 1 0 , 0 ) "  
5 ( 8E 1 0 . 0 )  

READ 

( 4 E I O o  O) 

7 ( 2 E 1 0 , 0 • | 0 1 5 )  

8 ( 7 E 1 0 . 0 , 1 5 )  

9 ( 9 |  1 0 )  
READ 

CGNTENTS 

( H E A D (  ! ) o i  =1 o20 ) 

( I D B U G ( I )  o | = l e S O )  

NS .. 

I V ( !  ) o i T ( l  ) , Z C (  I ) 
( X C ' ( J o I )  I Y C ( J t I ) , p J = | t I V ( i . ) )  

CARDS 4 ANO 5 NS T IMES 

G ,PTO oTTDoRO 

ZO IZMAX • I TYPc  . • | MVg NPTS • NRAYS • JNAX•  
J P T e l  P L O T t  I T I  I t IT  1 2 ,  I N E I  GH 

X(I),Y(I)IP(I)sQ(1)eTHETA(i)•PSI(|)• 
P T Q ( 1 )  • N B P  - - -  READ NPTS CARDS 

( K • ( N E ( J o K )  e J = l  • 8 )  • I = I I N P T S )  
CARD 9 ONLY I F  [ N E I G H = 2  
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C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

THREE D I M E N S I O N A L  DUCT FLI~i /  S R R 0 0 8 8 6  
S I M P L I F I E D  VERSION WITH FOLLOWING ASSUMPTIONS 

NO I NTERNAL SHOCKS 
IDEAL  GAS 

UNIT  FUNCTION 
5 CARD INPUT 
6 PRI NTEO OUTPUT 
| 0 PLOTTED OUTPUT 
l |  FLOW F I E L D  OUT PUT 
12 BODY OUTPUT 
8 WORK DATA SET 

OVERLAY STRUCTURE 
OVERLAY A 

INSERT CAROINtlNGEOMtINPUTINEIGHjFINOtSORT 
OVERLAY A 

INSERT THREEDtCUToFITIDISTeSIMOtOELTAF 
OVERLAY B 

INSERT F I E L O  
OVERLAY B 

I NSERT BOOY I F ;  NOSP t SOLVBP, NORMAL, 8DYF I T ,  NE~RAP 
OVERLAY B 

INSERT OUTPUT 
COMMON / T I T L E / H E A O { 2 0 )  
COMMON/I DEB U G / I  DBUG ( 80 ) 
COMMON /STAG/OUMMY(1207)oIPLOTIITlIlITI2 
DATA I S T R P / O /  

| FORMAT(2OA4)  
2 FORMAT(801 | ) 

CAt.L CARDI N 
20 CONTINUE 

READ(8  I1 IEND=gg)HEAD 
R E A D ( S t 2 )  |O~UG 
CALL INGEQM 
CALL I NPUT 
I F (  I PLOTeEQ.O |  GO 
I F (  ! STRPe NEeO) GO 
I STRP=I  
CALL I O E N T ( 1 )  

21 CONTINUE 
CALL THREEO 
GO TO 20 

99  CONTINUE 
I F (  ! STRPe NE • O) CALL 
STOP 
END 

TO 21 
TO 21 

l OENT( 2 1 
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C 
C 
C 
C 

SLR3ROUT| NE 
I M P L I C I T  REAL  # 8 ( A - - H ,  O " Z )  
R E A L # 4  D U M M Y ( 5 0 5 1 ) e X B ( 5 0 | , Y B ( 5 0 )  

B O Y F I  T ( A  eBeC I X B t Y B t  | t i T )  

X=C 
Y=C 
A X + B Y = C  
( X - A )  ~1'#2+ ( Y - - B )  # ~ 2 = C  

COMMON /GEOM/DI, , , IMMY t NP 
I T = I  
I T - -2  
I T = 3  
! T = 4  

I M I - I - I  
I F (  l eEOe 1 )  I M I = N P  
X l  = X B (  [M1  ) 
Y l = Y B ( I M | )  
X 2 = X B (  I ) 
Y2---YB ( [ ) 
l P  1 = 1 ÷ 1  
I F (  I . E Q e N P )  | P l = l  
X 3 = X f l (  I P I  ) 
Y 3 = Y f l  ( I P I  ) 
I F ( ( X I e N E e X 2 ) . O R e ( X I e N E e X 3 ) )  
| T : I  
A = I * 0  
B : 0 *  0 
C- -X2 
RE TURN 

21 C O N T I N U E  
I F (  ( Y |  * N E e Y 2 )  .ORe ( Y I •  N E e Y 3 |  ) 
I T=2  
A : 0 . O  
B : t  ° 0 
C - Y 2  
RETURN 

2 2  C O N T I N U E  
R l = X l # # 2 e Y I  ##2  
R 2 = X 2 ~ # 2 + Y 2 # # 2  
R 3 =  X 3 # # 2 e  Y3 • #2 
D X 2 1 - 2 . D 0 # (  X 2 - X l  | 
0 Y 2 1  = 2 e O O t ( Y 2 - Y I  | 
D X 3 2 = 2 . D 0 t [  X 3 - X 2 )  
D Y 3 2 = 2 • D 0 # ( Y 3 - - Y 2 )  
I F ( O X 2 | o N E • 0 , O 0 |  GO TO 2 3  
D X 2 1 = 2 = D 0 # ( X 3 - X l )  
D X 3 2 = - D X 3 2  
D Y 2 1 - - 2 . O 0 # ( Y 3 - Y 1 )  
DY32=- . -DY32  
H=R 2 
R 2 = R 3  
R 3 = H  
GO TO 2 4  

2 3  CONT | NUE 
I F ( D X 3 2 • E Q e 0 e D 0 )  GO TO 24 

GO TO 

GO TO 

21 

2 2  
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2 4  

2 5  

I F (  | D Y 2 1 / D X 2 1  ) • NE,, ( O Y 3 2 / O X 3 2 |  | 
I[ T.=3 
A = - O Y 2 1 / O  X2 | 
8 = 1 . O 0  
C = Y |  4- X 14A 
RETURN 
C O N T |  NIlE 
][ T = 4  
A = ( R 2 - - R |  ) J O X 2 |  
B = R 3 - R 2  
C = O Y 2 | , R )  X21 
H = O Y 3 2  
] [ F ( O X 3 2 . E Q , 0 e D 0 )  GO TO 2 5  
B==B/D X32- -A  
H = H / D X 3 2 - - C  
C O N T I N U E  
B - B / H  
A = A - B $ C  
C = R I - - 2 . O 0 # (  A $ X I  # B ~ Y  1 ) 
C=C4-B~ ~ 2 ÷ A ~ 2  
RE TURN 
ENO 

GO TO 24  
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S U B R O U T I N E  B O D Y ( | |  
| M P L  |.C | T R E A L # B ( A - - H  t O--Z) 
R E A L ~ 4  Z O e X N ( | O 0 0 )  I Y N ( I O 0 0 )  e P N ( 1 0 0 0 ) e R N ( 1 0 0 0 ) t Q N ( 1 0 0 0 ) •  

• P S N ( I O 0 0 )  e Z E • X ( | O O O ) • Y ( l O 0 0 )  • P ( | O O O ) • R H Q ( I O O O I e  
# Q ( | O O O ) o T H E T A ( I O O 0 )  m X B ( 5 0 )  • Y B ( 5 0 ) • X B O ( 5 0 ) • Y B O ( 5 0 | •  
# T N ( | O 0 0 )  t P S | ( 1 0 0 0 |  

C O M M O N  / N  V A L  U / Z D  • XN •YN • PN • RNe QN • T N • I:)S N 
COMMON / ¥ A L U E / Z E  •X  • Y I P t R H Q o Q • T H E T A t P S (  I N  
COMMON / B C U T / X B  eYB 
COMMON / O C U T I X B O I Y B C  
COMMON / D G A S t D Z  • G t R O  t G M I  •GMILHt G M t G o G G M I •  G P I •  GPGM 
C O N H O N / I D E B U G / ; O B U G ( 8 0 1  
R E A L • 8  N I t o N 2 1  t N 3 1 • N I 2 • N 2 2 • N 3 2 • N ! I N 2 • N 3  
COMMON / P O 1 [ N T / X I • Y |  • P I  • R I  • G I • T I • T H I • P S I • B E I , X 2 , Y 2 e P 2 •  

I R 2 • O 2  • T 2  • 'TH2 =PS2 I B E 2 , P 2 0 • T 2 0 • P S O • O E L ( 4  ) , P |  ( 4 )  t T H |  ( 4 |  • 
~ P i I ( 4 )  •BEZ(4)eXE(4),Y|(4)•DFI(4),OX(4)IDY(4)•DI.(4|• 
~ P P ( 5 • 4 )  , T I 2 , P |  2 • B |  2 e T 2 l  ( 4 )  *P2  | ( 4 ) e B 2 1  ( 4 ) , ' D 2 1  ( 4 )  

COMMON / F L O B D Y / S I  N T I 2  •COST 12 • S Z N P l  2e C O S P 1 2 •  S I N B I 2 •  
eCQSB ! 2 , $ 1 [ N 0 2 |  ( 4 )  tCOSD21 ( 4 )  • S | N T 2 1  ( 4  | ,COST 2 | ( 4 |  • 
=SINP2[(4),COSP21(4)•S1rNB2I(4)eCOSB21(4)•OXON(4|• 
= D Y O N ( 4 ) • O Z D N ( 4 )  • O T O X ( 4 |  • O T D Y ( 4 ) o D T O Z ( 4 ) , O P O X ( 4 | i  
t D P D Y ( 4 )  t D P D Z ( 4  ) I D E R ( 2  • 5 )  s A L ( 3  • 4 )  , C R ( 4  ) • AM ( 3 •  3 )  , C M (  3e 4 ) 

t F O R M A T ( t O  F A I L E D  I N  BOOY AT P O I N T e • | 5 • B X , e Z I = I e  
= IPE 1 2 ,  5 t B X o  I D Z =  ° , E !  2 , 5 / / 5 X  l eX l  =e t e l 2 , 5 , 5 X •  I Y l = m  e e l 2 , 5 ,  
= B X ,  t P l  =J  • E l  2 , 5  • 5 X  • • TI  = !  , E l  2 , 5  , B X •  ~ P S I =  e • E l  2 e 5 / 5 X ,  • X2-- e 
• o E I  2 , 5  t B X •  eY2=  I I E |  2 - 5  eBX l e P 2 = e  , E l  2 e 5 , 5 X ,  eT2=m • E l 2 e B e  5X 
~ ,  i P S 2 =  I , E t  2 , 5 1 4 5 X •  e P 2 0 =  • r E |  2 e 5  • 4 X ,  •T  2 0 = 1  • E l  2 eB•  4 X ,  • 
• e P S 2 0 =  I l e t  2 , 5 / / )  

X t = X (  ! ) 
Y I = Y (  | ) 
P | = P (  I ) 
R 1 =RHO(  ! ) 
Q I = Q (  1[ ) 
T H I = T H E T A (  I[ ) 
P S I = P S I  ( 1[ ) 
T |  = P l / ( R O t R |  ) 
SI  NT|---O S |  N( T H |  ) 
C O S T | - - D C D S (  TH | ) 
S I  N P I = D S I  N ( P S I  ) 
C O S P I = D C O S ( P S |  ) 
BE I = D A R S I  N ( D S Q R T ( G ~ P l / R I  ) / ( 2 L  ) 
P2-P1[  
R 2=R 1 
Q 2 = Q |  
T H 2 = T H  1[ 
P S 2 = P S |  
T2'= T 1 
BE 2=BE  1 
C A L L  F I N D B P ( X |  t Y l  • X B O t Y 8 O I | 1 3 P | )  
C A L L  B D Y F 1 [ T ( A |  o B |  oC|  • X B n ~ Y B O • I B P 1 , 1 [ T t |  

3! 
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21 

cALL  BDYFIT(A2tB2wC2oXBeYBtIBPloIT2) 
CALL N~RMAL(XIoYleZEtAltBl,CItNIItN21tN31oITlt I f l P 1 )  
CALL NORMAL(XloY1eZE~OZoA2ef121C2gN12oN22gN32oIT2o I B P I )  
DEL l  1) =OARCOS(--N11 $SI  NT I~COSP|  ~N21~COST1-N31~S |NT | ~  

• S I N P I  ) 
I F |  N 3 1 • L T ,  OeDO) O E L ( |  | = 6  • 2 8 3 t 8 5 3 0 7 0 0 - - O E L  ( | )  
OEL( 2 ) = 0 E L ( 1 ) - 1  • 5 7 0 7 0 6 3 2 7 0 0  
IF  ( D E L l  2 )  e L T •  O•DO|  O E L ( 2 )  ----6 • 2 8 3 1 8 5 3 0 7  DO 4POEL ( 2 )  
O E L ( 3 )  =DEL l  1 ) ÷1 • 5 7 0 7 9 6 3 2 7 0 0  
I F ( D E L l  3)  • G E e 6 • 2 8 3 1 8 5 3 0 7 D 0 }  

t D E L ( 3 )  =DEL l  3 | - 6  • 2 8 3 |  8 5 3 0 7 0 0  
DO 21 . | T = 1 o 4  
T H [ (  I T ) = T H I  
P | l (  | T ) = P S I  
B E l l  l T ) : B E I  
D E | I [ T ) = O E L ( I T )  
CONTINUE 
I B P 2 = I B P I  

J 

Y 2 : Y I  
00  25  I T= I  t 2 5  
T I  2 = 0 •  5 0 0 # ( T H I ~ T H 2 )  
P l  2=0 •  5DO~(PS1~PS2)  
8 1 2 = 0 •  5 D O $ ( B E I ~ B E 2 )  
S I N T I 2 = O S [  N ( T 1 2 )  
CO STI 2=I)COS( T 12 ) 
SINP 12=DS|  N ( P | 2 )  
C O S P I 2 = D C O S ( P 1 2 )  " 
SI NB 12=DSI  N (B12  } 
COSB 12=DC OS( B I  2 ) 
N I=OeSDO~(NL  1 ~N12 } 
N2=Oe 500~( .N2 I~  N22 ) 
N3=O• 5D0$(  N3 i  ~ N 3 2 )  
CC 1 =N34~OST I  2 ~ O S P 1 2 - N I  ~COST 12~S | NP12 
CC 2=NI  #S|  NTI  2--N2#COSTI 2 $COSPI 2 
CC 3= ( N3 $ 51 NT 1 2 - N 2  ~COST 12 ~S I NP 12 ) ~OZ ~ CC 1 • X 1 ~CC 25 Y 1 
Y20=Y2 
[ B P = I f l P 2  
X20=X2 
CALL S O L V B P ( X 2 t Y 2 , C C I  o C C 2 o C C 3 ~ A 2 1 B 2 o C 2 e I T 2 o X 2 0 e Y 2 0 )  
CALL C K f l O Y P ( X 2 e Y 2 o X B o Y B e l B P 2 )  
I F ( I B P • N E • I B P 2 )  CALL B O Y F K T ( A 2 , B 2 o C 2 1 X B o Y B o  I B P 2 o I T 2 )  
CALL NORMAL(X2eY2•ZE~DZ•A2oB2eC29N|2eN22•N32e|T2t ZBP2 |  
S I N T 2 = O S |  N ( T H 2 )  
CO ST2=DCO S( TH2 ) 
5 |  NP 2----D 51 N ( P 5 2 )  
COSP2=DCOS( PS2 ) 
DEL l  1 ) =OARCGS (- -NI  2 #SI  NT2~COSP2~N22#CQST 2 - N 3 2 # S  I N T 2 $  

41S I NP2 ) 
IF  ( N 3 2 • L T •  O,DO) DEL l  I ) =6 • 2 8 3 |  8 5 3 0 7 0 0 - 0 E :  .L.(|.) 
DEL l  2) =OEL( 1)- -1 • 5 7 0 7 9 6 3 2 7 D 0  

32 
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2 2  

I F ( O E L ( 2 )  , L T o  OeDO| DEL ( 2 )  : 6  • 2 8 3  | 8 5 3 0 7 0 0 ~ 0 E L  ( 2 )  
D E L ( 3 )  = O I L (  I ) ~1 •  5 7 0 7 9 6 3 2 7 0 0  
I F ( D E L ( 3 )  •GTe6e 2 8 3 1 8 5 3 0 7 0 0 )  

• D E f ( 3 )  = 0 E L ( 3 ) - 6 o 2 8 3 1 8 5 3 0 7 0 0  
DO 23 J = l  , 3  
T 2 [ (  J | = O Q S D O ~ ( T H 2 ~ T H [  ( J )  | 
P 2 I  ( J )  =0o 5 0 0 ~ (  PS2~PI  | ( J )  ) 
B 2 I (  J |  = 0 •  5 0 0 # ( B E 2 ~ B E I  ( J )  ) 
D21 ( J )  =0•  5 D O t ( O E L ( J )  ~OEI ( J ) )  
02 I (  J ) = 0 2 1  ( J | - 3 e  1 4 1 5 9 2 6 5 4 0 0  
I F ( 0 2 I  ( J )  • L T e O e O 0 )  02 | ( J )  =6e 2 8 . 3 1 8 5 3 0 7 0 0 ~ 0 2 I  ( J )  
S INT21  ( J )  =DSZ N ( T 2 |  | J )  ) 
COST2I  ( J )  =DCGS(T2 I ( J |  ) 
S INP21 ( J ) - - O S I N | P 2 I  ( J ) )  
COSP2I ( J |  =DCOS(P2 I  ( J ) )  
S I N B 2 I ( J ) = O S I N ( B 2 1 ( J ) )  
COSB 2 I  ( J ) = D C O S ( B 2  | ( J ) ) .  
S I N D 2 I  | J ) = O S I  N(021  ( J )  ) 
COSD2| ( J ) = D C D S | 0 2 1  ( J ) )  
F |  =S INB21 ( J I  #COS02[  ( J )  
F2=S INB2E  ( J )  t S  INO2 I  ( J )  
F3=CDSB2I  ( J )  t C O S T 2 I  ( J ) - F I  t S I N T 2 E  ( J )  
OL( J ) = D Z / ( F 3 # C O S P 2 I  ( J | - F 2 # S I N P 2  i ( J )  ) 
OX( J ) - - S I N T 2 I  ( J |  tCOSB2I  ( J ) + F I ~ C O S T 2 1  ( J )  
DY( J ) = F 3 ~ S I N P 2 I  ( J | ~ F 2 ~ C O S P 2 I  ( J |  
X l  ( J ) = X 2 - D X ( J )  t D L ( J )  
Y I  ( J | = Y 2 - D Y ( J )  t D L ( J )  
CALL G E T P T ( X I ( J ) , Y I ( J )  • P P ( I • J | )  
RAO----O SQRT(G 4 P P ( I  , J ) / P P ( 2 ,  J)  | / P P ( 3 , J  ) 
IF((RAOeGEeO,OO)oANOe(RAO•LE•IeDO|) GD TO 22 
W R I T E ( 6 • 2 ) I  • J • P l w R 1 • Q I t T H t  e P S I • B E I , P 2 , R 2 • Q 2 • T H 2 e P S 2 e  

~BE2oP20,R20•Q2Q•T2G,PSD~DEL(|),OEL(2)•OEL(3),NIImN2t• 
t N 3 1 , N I 2 , N 2 2 w N 3 2 , N I  eN2•N3•OL(J),OX(J),DY|J)•OEI(J|e 
# P P ( l o J )  e P P ( 2 o J )  ePP(.3oJ)•PP(4eJ)tPP(5•J)eTHi(J|•PIl(JIi 
t B E I I  J )  

2 FORNATCel  F A I L E D  IN BODY AT l = e , I 3 • S X , I J = ' , | 3 / /  
~ I P 6 E  14o 5 / 6 E I  4•  5 / 5 E  14 • 5 / 3 E  14 • 5 / � E l  4 • . 5 / 4 E l 4  • S / B E  14e 5 | 

STOP 
CONTINUE 
CALL O E L T A F ( J , O E L ( J )  e O E I ( J ) |  
IF  (DABS(DE I ( J |  ) •LEe I e O - 8 |  DEi  ( J )=O •DO 
CALL GETDER(X l  ( J ) , Y I ( J )  •DER|  
P l  ( J | = P P I  I w J )  
T H I ( J ) = P P ( 4 o J )  
P I l {  
BEE( 
T21(  
P 2 1 (  
B21 {  
D21 (  

J ) = P P ( 5 , J )  
J )  =DARSI N(DSQRT(G~PP(  1 • J ) / P P ( 2  • J )  | / P P ( 3 •  J | ) 
J )=Oe 500~(TH24kTH | ( J ) )  
J }  =0o 5DO~(PS2 ~PI  [ ( J ) )  
J )  = 0 , S D O ~ ( B E 2 ~ B E I  ( J )  ) 
J )  =Oe 5 D O $ ( D E L ( J )  ~DE | ( J )  ) 
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D21 ( J )  =D2 [  ( J ) - - 3 , 1 4 1  5 9 2 6 5 4 0 0  
I F ( 0 2 1  ( J )  , L T , O , D O )  0 2 [  ( J )  =6 e 2 8 3 1  85307DO4~D2 | ( J )  
S I N T 2 1  ( J ) = O S | N ( T 2 I ( J ) )  
COST2 |  ( J )  = D C O S ( T 2 |  ( J ) )  " 
S I N P 2 1  ( J ) = D S I  N ( P 2 I  ( J )  ) 
CO SP2E ( J |  --DCDS ( P2 | ( J )  ) 
S I N B 2 1  ( J | = O S | N ( B 2 1 ( J ) )  
COS82T ( J ) = D C O S ( B 2 1 ( J ) )  
SEND21 ( J ) - - O S I N ( 0 2 [  ( J ) )  
CO SO 2 I  ( J ) =DCQS ( D21 ( J )  | 
O T D X ( J )  =DER( I t 4 )  
O P O X ( J ) = D E R (  1 g5 )  
O T O Y ( J ) = O E R ( 2  94)  
DPOY( J )=DER(  2 e 5 |  
F I = C O S T 2 I  ( J )  t S l  NO2[ ( J )  
F 2 = S I N T 2 [  ( J )  # S I  ND2|  ( J )  
F 3 = S | N B 2 1  ( J )  # D L ( J )  
F 4 = C Q S T 2 I  ( J )  •COSD2I ( J )  
DXDN( J )= - -F  | 
OYON( J ) = F 2 ~ S [  NP2[  ( J )  +COSP2 ! ( J ) ~COSD2 ! ( J )  
DZ ON( J ) =F 2 ~¢COSP2 [ ( J )  --S I NP2 [ ( J ) ~COSD2 [ ( J ) 
F S = X [  ( J ) - X 2  
F 6 = Y I  ( J )  - Y 2  
DTOZ(  J ) = ( O T O X ( J )  4NF5+OTDY ( J )  ~F6 ) / D Z  
D P O Z ( J I = ( D P O X ( J )  ~ F 5 + D P O Y ( J )  4qF6) /OZ • 
AL (  | QJ)=:COSB21 ( J ) / ( S I N B 2 1  ( J ) ~ P P ( 2 e J ) ~ C P P ( 3 o  J ) ~ 2 )  
AL ( 2 • J ) =C O S02 | ( J )  - F 3  ~S l ND2 [ ( J )  4¢OZDN ( J ) / D Z  
AL ( .3 • J ) = F  1 + F 3 4 f : 4 ~ O Z D N ( J ) / D Z  
C R ( J I = F 3 ~ ( S E N 0 2 1  ( J )  # ( O T O X ( J )  ~ O X D N ( J ) + D T D Y ( J )  ~ D Y O N ( J ) +  

• DTDZ(  J ) # D Z O N ( J )  ) - F 4  • (DPOX ( J )  ~DX ON( J ) ~DPDY ( J ) ~OYDN ( J ) +  
• O P D Z ( J )  ~¢OZDN(J) ) ) + A L ( I  • J )  t P [  ( J ) t ~ A L ( 2 • J ) # T H |  ( J )  + A L ( 3 o J )  
• 4tPI  I ( J )  

23 CONTINUE 
A I = A L ( 2 • I ) ~ A L ( I  , 2 ) - A L ( I  • I ) ~ A L ( 2 • 2 )  
0 1 = A L (  3 ,  1)  ~ A L ( I  , 2 ) ~ ' A L ( 1  • 1 ) ~ ¢ A L ( 3 , 2 )  
C I = C R ( ! )  ~AL( - I  , 2 ) - - A L ( I  • l  | ~ C R ( 2 )  
AM( 2 • 1  ) = T H 2  
AN( 3 , 1  ) = P S 2  
CALL  NEWRAP(AM(2,I)eAN(3,1|,Al•BIeCX•NI2eN22•N32) 
A I = A L ( 2 • 2 )  ~ A L ( I  • 3 ) - A L ( I  , 2 ) ~ A L ( 2 • 3 )  
B I = A L ( . 3 , 2 )  b A L (  1 • 3 ) - A L ( I  • 2 ) # A L ( 3 , 3 )  
C I - - C R ( 2 )  # A L (  I , 3 ) - - A L ( |  • 2 )  #CR( '3 )  
A M ( 2 , 2 ) = T H 2  
AN( 3 , 2 ) = P S 2  
CALL NEWRAP(AH(2•2|,AM(3•2),AI,flI,CI,NI2,N22,N32) 
A ~ = A L ( 2 , 3 ) 4 C A L ( I  • t ) - - A L ( 1  • 3 ) ~ A L ( 2 , 1  ) 
B I = A L ( 3 , 3 )  ~¢AL( I •1 ) - - A t . ( l  • 3 ) # A L ( 3 , 1  ) 
C 1 = C R ( 3 )  # A L (  1 • l ) - - A t . ( l  93 )~¢CR(1)  
AM( 2 , 3 ) = T H 2  
A N ( 3 , 3 ) = P S 2  
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2#. 

2 5  

CALL N E W R A P ( A N ( 2 t 3 )  o A M I 3 t 3 ) I A | I B I � C | • N 1 2 • N 2 2 • N 3 2 )  
AM(l•l)=(CR(1)--AL(2o|I*AM(291)--ALI3•||*AM(3• 1)  | / A L ( | t | )  
AM( ! • 2 ) = ( C R ( 2 ) - A L ( 2 g 2 )  ~ A M ( 2 1 2 ) - - A L ( 3 t  2 ) * A M ( 3 o  2 )  | J A L ( 1 o 2 )  
AM( | • 3 ) = ( C R ( 3 ) - - A L ( 2 • 3 ) * A M ( 2 • 3  ) - - A L I 3 • 3 ) * A M ( 3 • 3 )  ) / A L ( I •  3 )  

P 2 : O e S O O * ( A M ( 1  t l  ) 4-AM(I •3 I | 
TH2=Oe 5 D O * ( A M ( 2 e l  )# 'AM(2  • 3 )  ) 
P 5 2 =  0o 51 )0 " (  AM( 3 t I | # 'AM(3 •3  | ) 
T 2 = T T O 0 * (  P 2 / P T O O  ( I )  ) *:I 'GMI G 
R 2 = P 2 / ( R O t T 2 )  
Q2=O SORT( 2e D O ~ G G N I * R Q *  ( T T O D - T 2  ) ) 
| F ( I T e E Q e l )  GO TO 24  
IF(OABS((P2--P20)/P2)eLE,,IoO-7| GO TO 26 
| F ( E l " e E Q e 2 5 )  GO TO 25 
CONTI  NUE 
P 2 0 = P 2  
R 2 0 =  R2 
Q20=Q2 
T 2 0 : T H 2  
P S O : P S 2  
B E 2 = D A R S I  N( D SORT ( G * P 2 / R 2  ) / Q 2  ) 
CONTINUE 
[F(DABS((P2-P20)/P2).LEeleO--5) GO TO 26  
t tRI  T E ( 6  o l )  I •ZE •DZ • X l  • Y I  • P |  : T H I  • P S | , X 2 1 Y 2 •  P 2 , T H 2 • P 5 2 •  

~ ' P 2 0 • T 2 0  •PSO 
[ F  ( DABS( ( P 2 - - P 2 0 ) / P 2 )  eGT • | • 0 - 4 )  STOP 

2 6  CONTINUE 
XN( I ) = X 2  
YN( I ) : Y 2  
PN( [ ) = P 2  
RN( I ) : R 2  
ON( I ) = 0 2  
TN( I ) = T H 2  
PSN( | ) = P S 2  
RE TURN 
END 
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1 
2 
3 
4 

20 

21 

99  

SUBROUT|NE CARD|N 
D | MENS|ON A ( 2 0 )  
FORMAT(2OA4 |  
FORMAT(5X t 2 0 A 4 )  
FORMAT(O|  • e 3 8 X o O | N P U T  CARDS o) 
FORMAT(°Oo14xig(ooo)t|O(°|°),10(°2°)otO( °3  ° | l | O (  ° 4  ° |o 

• t O ( t S ° ) , l O ( e 6 ° )  o | O ( e T ° )  i ° S e / 5 X o S ( I t 2 3 4 5 6 7 8 9 0  ° ) / |  
| P = 5 0  
W R [ T E ( 6 o 3 )  
f IR|  T E ( 6 , 4 )  
CONT|NtJE 
READ( 5 , |  ,END ' -99 )  A 
I F ( E P e N E . O )  GO TO 21 
WR| T E ( 6 o 4 )  
I R I  T E ( 6 o 3 )  
WR| T E ( 6 , 4 )  
I P : 5 0  
CONT|NUE 
WRITE( 6 , 2 ) A  
WRI TE( 8 o l  ) A  
I P = i  P- - |  
GO TO 20 
¢ O N T I N ~  
REWI ND 8 
I IR|  T E ( 6 , 4 )  
RE TURN 
END' 
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SUBROUTINE CUT ( Z B )  
COMMON / B C U T / X B (  5 Q ) o Y B ( 5 0 )  
COMNON / G E O M / Z C ( 5 0 ' )  t X C ( 5 0 o 5 0 ) o Y C ( 5 0 1 5 0 ) I N S • N P  
REAL $4 A ( 3 o 3 )  
Z=ZB 
O0 21 1 = 2 o N $  
| F ( Z B o L E . Z C ( | ) )  GO TO 22 

21 CONT | NUE 
I = N S - I  

22  CONTINUE 
I F I I e E Q e N S )  [ = N S - I  
I P = I ÷ l  
I M = I - - I  
ZO=ZC ( I M) 
Z I = Z C (  I ) 
Z 2 = Z C ( [ P )  
Z I O = I . O / ( Z I - Z O )  
Z 2 0 :  " l . O / ( Z 2 - - Z O )  
Z 2 t : l  ,, 0 / (  Z2--Z1 ) 
Z P I  = Z O + Z t  
A (  3 : 1  ) = Z 2 1  '1'( ZL O " Z 2 0 )  
A (  3 • 2 ) = - Z 2 1 $ Z I O  
A(  3 , . 3 ) =  Z21 ~ Z 2 0  
A( 2 .  ! ) = - Z I O - - Z P I  # A ( 3  * !  ) 
A ( 2 • 2 ) =  Z I O - Z P I  # A ( 3  • 2 )  
A ( 2 • 3 ) =  - - Z P I  $'A ( 3  • 3 )  
A( I • I ) = - - Z O 4 ' ( A ( 2 • l  ) + A 4 3 • 1  ) 4 ' Z O l i - 1 . 0  
A( 1 • 2 )  =='-ZOO(A( 2 • 2 ) i - A t  3 • 2 )  4'ZO) 
A( [ * 3 ) = - - Z O t ( A ( 2  • 3 ) i - A ( 3  • 3 )  ~kZO) 

: DO 23  J = I • N P  
B=A(  I • 1 ) I ' X C ( J • [  M) I ' A ( 1  • 2 )  ~ X C ( J • !  ) i - A (  1 o 3 ) I ~ X C ( J •  | P )  
C = A ( 2 . | )  I 'XC(  J • l  H) ~ A ( 2 • 2 )  # X C ( J • 1  ) i - A ( 2  • 3 ) 4 ' X C ( J  • | P )  
D=A(  3 •  1)  ~XC(  J o |  I I ) i - A ( 3 • 2 )  I 'XC(  J •  | ) I - A ( 3 • 3 I ~ I ' X C ( J •  l P )  
XB( J ) = B i - ( C i - D  ~IZ) #Z. 
B = A (  | g 1)  'I 'YC( J • |  N ) q ' A ( |  • 2 )  ~ Y C ( J •  | ) i - A ( |  • 3 ) ~ Y C ( J t  | P )  
C = A ( 2 •  | )  ~YC(  J • [  N ) i - A ( 2 • 2 )  # Y C ( J •  X ) t . A ( 2 •  3 ) ~ Y C ( J o  | P )  
D . = A ( 3 •  1) SYC( J o [  N) ~ ' A ( 3 • 2 )  S Y C ( J • |  ) I - A ( 3 e 3 ) ~ Y C ( J •  | P )  
YB ( .J ) --B~. ( CI-D ~Z ) ~Z 

23  C O N T I N U E  
RETURN ~'-" 
ENO 
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2L 

22  

23 

2 4  

SUBROUTINE D E L T A F { J o D E L o D E L [ )  
[ MPt . [C [ T REAL #8 {  A - H  o O - Z )  
COMMON / F L O B O Y / O U M M Y ( | 4 )  e S E N T [ ( 4 )  t C O S T [ ( 4 ) t S [ N P [ ( 4 ) +  

~COSP;  l" 4 )  , S [  NB[ ( 4 )  eCCSB! ( 4 )  
A = S I N T [ I J ) # C O S P I ( J | ~ S I N B I ( J )  
B = S I N P I ( J ) ~ S I N B I ( J )  
C = - 0 e  5D0WCOST[ ( J )  ~CGSP! ( J |  W(S [ N B [  ( J )  ~COSB[  I J  ) ) 
S1NO--D $ [  N( D E L l  
COSD=OCO S ( DEL ) 
O E L I = D E L  

R A O - - A S B S - - C ~ 2  
| F [ R A O e L T ,  0 e O 0 )  RETURN 
R A D : D  SQR T ( ~ A O ) / A S B S  
S I N [  = S t " C / A S B  S 
S I N [  1 = S [  N['4kAtRAO 
S [ N [  2=$1 N [ - A ~ R A O  
I F [  OABS( S [ N O - S I  N! 2 ) e  L T ,  O A B S ( S [ N D - - S  I N [ 1  ) ) 
S | N [ = S | N [  1 
| F [ D A B S ( S Z N [ | , L E , | e O 0 1  GO TO 22  
CONTINUE 
5 [  N I = S [  N[ 2 
I F (  0 A 5 5 (  $1 N[  ) eGTe I eO0)  S [  N I = S . I N I  1 
I F ( D A B S ( S I N I  ) , G T ,  1eDO)  RETURN 
CONTINUE 
COS|  ----A ~ C / A S B  S 
COSI I=COS[4kB#RAD 
COS[  2=COS[ - -B#RAD 
[ F {  O A B S ( C O S D - C O S [ 2  ) , L T , D A B 5  (COSD--COS[  1 ) | 
COSI--CG$[ I 
[ F I D A B S ( C O S | ) e L E , X , D 0 )  GO TO 24 
C O N T I N U E  
C O S [ = C O S [  2 
| F (  DABS(  COS[  ) e G T e l  e O 0 |  CI3S [ :COS | . |  ~ 
[ F (  OABS{ COS[  ) , G T e L e D 0 )  RETURN 
C O N T I N U E  
DELE=OATAN2 ( S [ N [  I C O S I )  
I F { O E L [  , L T e 0 e D 0 )  
RETURN ! 
END 

O E L [  =6 • 2 8 3 1 8 5 3 0  7 O0 ÷OEL [ 

GO TO 21 

GO TO 23  
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S U B R O U T I N E  D I  S T ( D E L S )  
COMMON /GAS/GoROeGMloGMIHoGMtGoGGMIeGPIeGPGM 
C O M M O N / V A L U E / Z E o X ( | O 0 0 )  o Y ( 1 0 0 0 )  t P ( 1 0 0 0 ) o R H O ( 1 0 0 0 )  

# Q ( I O O 0 ) , T H E T A ( I O 0 0 )  • P S I  ( 1 0 0 0 ) , N  
I N T E G E R  q'2 N E ( 8 , | 0 0 0 )  
COMMON / N E A R / N E  tOM[  N 
O M I N = I I E I O  
Q M I N = | e E I 0  
&MA X---O • 0 
DO 22  l = l t N  
A.=P( I ) t R H O (  I ) 
I F { A  • G T o A M A X )  ANAX=A 
[ F | Q ( I ) e L T e O M I N )  Q M | N = Q ( I )  
DI3 21 J = l  o8 
K=NE(  J , [  ) 
D = (  X( I ) - X ( K )  ) t4'24" ( Y(  I ) - - Y ( K )  ) • t 2  
[ F ( O e L T e D M |  N) DM| N'=-D 

21 C O N T I N U E  
2 2  C O N T I N U E  

AMA X= SQRT ( G ~kAMA X|  
D E L S = O M |  N ¢ S Q R T ( O M |  N | / A M A X  
O E L S = S Q R T  ( D M |  N~ABS ( ( Q M |  N t A M A X )  ~ t 2 - - |  . 0 )  ) 
RE TURN 
E NO 
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n 

S U B R O U T I N E  F I E L D ( I J  
I M P L I C I T  R E A L ~ 8 ( A - - H , O - - Z )  

REAI_~4 ZOeXN(IOOO),YN(|OOO),PN(|OOO)oRN(1000),QN(IO00|e 
t P S N ( 1 0 0 0 )  oZEeX(IOOO)eY(IOOO|eP(|OOO),RHD(IO00) • 
• T N ( 1 0 0 0 1  • P S 1 ( 1 0 0 0 1  • Q ( | O O O ) • T H E T A ( | 0 0 0 )  

COMMON /NVALU/ZOeXN•YN,PN•RN•QN•TNePSN 
COMMON /VALUE/ZE•X•Y•PtRHOeQeTHETA•PSI•N 
COMMON /OGAS/DZoG•ROoGMIeGMIHeGMIG•GGMt,GPI•GPGM 
C O M M O N / D S T A G / P T O O ( |  0 0 0  ) • T T O D ,  ATOD 
C O N M O N / I  D E B U G / I  DBUG ( 80 ) 
COMMON / P O I N T / X I , Y I , P I • R |  , Q ! t T I • T H | • P S I • S E I t X 2 t Y 2 e P 2 •  

#R2  • 0 2  • T 2  , T H 2  • P S 2 , B E 2  • P 2 0 • T 2 0 e p s n o O E L  ( 4 )  , P !  ( 4 ) • T H I  ( 4 | •  
• P i l l 4 )  •BEII4)eXI(4),YI(4)eOEI(4),OX(4)eDY(4)eOL(4|, 
# P P ( 5 o 4 )  •T;2,P|2•BI2,T2I(4),P21(4)tB21(4)•D2I(4) 

COMMON / I = L D B O Y / S I N T I 2 , C O S T | 2 • S I N P t 2 ,  C Q S P I 2 • S I N B I 2 e  
• COSB 1 2 • S I  N D 2 I  ( 4 )  oCOSD21 ( 4 )  • S I N T 2 I  I 4  I t C O S T 2 I  ( 4 | ,  
• S I N P 2 1 ( 4 |  e C O S P 2 I ( 4 )  • S I N B 2 I ( 4 ) • C O S B 2 I ( 4 ) , D X O N ( 4 ) •  
# O Y O N ( 4 )  o O Z O N ( 4 )  o O T O X ( 4 )  •OTDY (4  | • D T D Z ( 4  | , D P D X ( 4 ) •  
• O P O Y ( 4 ) • O P D Z ( 4 )  eOER(2•5)•AL(3o4)oCR(4)•AN(3e3)•CN(3•4) 

I F O R M A T ( ' O  F A I L E D  I N  F I E L D  AT P O I N T ° o I 5 • 5 X , ° Z l = ° •  
• I P E I 2 e  5 • 5 X •  ° D Z =  ° •EL 2 e S / / S X ,  ° X I = °  , E 1 2 0 5 , S X t  ° Y I =  e • E l 2 , 5 •  
# 5 X •  ° P l  = •  • E I 2 o  5 • S X •  e T I = e  , E 1 2  • 5  , S X o  • P S I =  ° , E l  2 o 5 / 5 X •  • X2=  e 
• • E I  2 e S  oSX • ° Y 2 =  g , E l  2 0 5  oSX * °  P 2 = °  • E t  2 0 5 , 5 X ,  i T 2 = e ,  E 1 2 e 5 •  5X 
~ ,  o p s 2 :  a , E 1 2 0 5 / 4 5 X •  o p20= - I  , E 1 2 • 5  • 4 X  • I .T20=0  , E 1 2 o 5 ,  4 X •  
~ o P S 2 0 : 0  • E l  2 0 5 / / )  

X I : X (  ! ) 

Y i : Y (  i ) 
D E L (  I I =OeDO 
I F (  X l  eNEe OoDOoORe Y t  o NED 0 , 0 0 )  D E L ( I  ) = O A T A N 2 ( Y t  • X t  ) 
I F ( D E L l  I ) o L T o O e D O )  D E L l  t ) = 6 • 2 8 3 1 8 5 3 0 T O O + D E L (  11 
O I l (  I ) : O I L ( !  ) 
DO 2 0  I T = 2 , 4  
OEL(  I T I = O E L I  I T - I  | ~ 1 , 5 7 0 7 9 6 3 2 7 D 0  
I F { D E L (  ! T )  e GEo 6 0 2 8 3 1 8 5 3 0 7 0 0 1  

# D E L (  I T ) = O E L (  I T ) - 6 0 2 8 3 1 8 5 3 0 ? 0 0  . 
D E E ( I T ) = O E L ( I T I  

20  C O N T I N U E  
P | = P (  I ) 
Rt----~RHO(I ) 
Q 1 =OI  1 ) 
TH I = T H E T A (  I 1 
P S I = P S I  ( I ) 
T | = P  I / ( R O # R 1 )  
P 2 = P |  
R 2 = R I  
Q 2 = Q I  
TH 2--- TH 1 

J 

P S 2 - P S I  
T 2 = T I  
B E I : D A R S !  I ~ ( D S Q R T I G ~ P | / R I  | / Q | )  
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21 

, )  

BE 2=BE 1 
DO 21 I T = 1 . 4  
T H I (  I T )=THX 
P I I ( I T ) = P S I  
BE I (  I ' T ) = B E I  
CONT | NUE 
O0 26 [ T = 1 • 2 5  
T 1 2 = 0 . 5 0 0 # ( T H I  4~TH2| 
I ) 1 2 = 0 . 5 D 0 ~ ( P S I * P S 2 )  
B 1 2 = 0 . 5 D 0 ~ ( B E I ~ S E 2 )  
S I N T S 2 = O S !  N ( T | 2 )  
C O S T I 2 = O C O S ( T 1 2 )  
S | N P 1 2 = O S I  N ( P | 2 )  
COSPl 2--0COS( Pt 2 
SX NB 12=OS[ N ( B 1 2 )  
C O S B t 2 = O C O S ( B 1 2 )  
X 2 = X l ÷ S [  N T 1 2 4 4 ) Z / ( C O S T 1 2 # C O S P | 2 )  
Y2=Y 1+SI  N P | 2 ~ O Z / C O S P 1 2  
DO 22 J = l  •4  
T 2 I  ( J )  = 0 .  5 0 0 ~ ( ' T H 2 t T H I  ( J r )  
P 2 [  ( J ) = 0 . 5 D 0 t ( P S 2 4 ~ P [  I ( J )  ) 
O21 ( J )  = 0 .  500 .$ (BE2~BE |  ( J ) )  
D2 !  ( J )  = 0 . 5 D 0 ~ ( O E L ( J )  4~DE| ( J ) )  
S I N T 2  | ( J ) = O S | N ( T 2 1  ( J ) )  
COST2[  ( J ) = O C C S ( T 2 1  ( J ) )  
S.[HP2; ( J )  =0S !N(1 )2  [ ( J )  ) 
COSP2! ( J t  =OCOS(P2 [ ( J ) )  
S |NB21 ( J ) = D S |  N ( B 2 I  ( J ) )  
COSB2I ( J )  =DCOS(B2 [ ( J ) )  
S [ N D 2 !  ( J)----.S| N ( O 2 |  ( J | )  
COS021 ( J )  =DCOS(O2 | ( J | )  
F I = S I N B 2 I ( J )  # C O S D 2 I ( J |  
F 2 = S I N 8 2 |  ( J )  i S | N O 2 |  ( J |  
F3=COSB2|  ( J )  •COST21 ( J ) - - F I ~ S I N T 2 1  ( J )  
DL(  J ) = D Z / ( F 3 # C O S P 2  [ ( J ) - F 2 ~ S I N P 2 I  ( J ) )  
DX( J ) = S [  NT21 ( J )  t C 0 S O 2 [  ( J ) ~ F |  ~COST2 [ ( J )  
OY( J ) = F 3 e S I  I~P21 ( J ) + F 2 ~ C ( ] S P 2 I  ( J )  
Xl  ( J ) = X 2 - O X ( J )  COL(J )  
YI ( J )  = Y 2 - O Y ( J )  # O L ( J )  
CALL G E T P T ( X i  ( J ) e Y I ( J )  g P P ( l e J | )  
| F ( O A B  S(PP(  4 e J |  ) o L T .  1 .  O--8 | P P ( 4 e J )  =0000  
| F ( D A B S ( P P ( 5  e J )  ) eLT .  1 e D - 8 )  PP(5  e J)  =0e O0 
CALL O E L T A F ( J e D E L ( J )  t O E | ( J ) )  
| F ( O A B S ( O E I ( J ) ) e L E e l e O - - 8 )  D E E ( J ) = 0 e D 0  
CALL GETDER(XI  ( J )  e Y I ( J )  wDER) 
P | (  J ) = P P (  I o J )  
THX ( J ) = P P ( 4  t J )  
P I  I ( J ) = P P ( 5 o J )  
BE |  ( J )  =OARS[ N(DSORT(G~PP(X t J ) / P P ( 2  • J ) ) / P P (  3 t  J )  ) 
T ~ ;  ( J )  = 0 . S D 0 t (  TH24~THI ( J )  ) 
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P 2 I ( J ) = 0 • 5 0 0 * ( P S 2 4 . P I l l J ) )  
B 2 I  ( J )  = 0 .  5 0 0 . I  8E24.BEI  ( J ) )  
D 2 I  ( J ) = 0 •  5 0 0 ' ~ ( O E L ( J )  +DE I ( J ) )  
S I N T 2 1  ( J )  =DSI  N( T2 ! ( J |  | 
C O S T 2 I  ( J )  =DC( ]S(  T 2 I  ( J ) )  
S I N P 2 I  ( J )  =DSI  N ( P 2 I  ( J ) )  
C O S P 2 I  ( J )  =OCQS( P21 ( J )  ) 
S I N B 2 1  ( J)---'OSI N ( B 2 1  ( J )  ) 
C O S 8 2 I  ( J ) = D C G S ( B 2  I I  J )  ) 
S I N D 2 I  (J ) - - - 'OS[  N I O 2 1  ( J J )  
COSO2I  ( J )  =DCOS(O21  ( J )  I 
O T D X ( J  )=OER(  I o4)  
D P O X ( J I - - ' D E R (  1 • 5 )  
DTDY(  J |  ----DER(2 ,w4) 
OPOY( J ) = O E R ( 2  e5 )  
F 1 = C O S T 2 ;  ( J )  * S I  NO2[  ( J )  
F~ - -S Ib tT21  ( J ) : * S I N O 2 1  ( J }  
F 3 = S I  ~ D 2 I  { J ) ' ~ D L ( J )  
F 4 = C O S T 2 [  ( J )  *CQSO2 I  ( J )  
DXON( J ) = - F  1 
OYON( J ) = F 2 * S I N P 2 1  ( J ) ' I ' C O S P 2 I  ( J ) * C O S D 2  1 ( J )  
D Z O N (  J ) = F 2 * C O S P 2 I  ( J ) - - S I  NP2 I  ( J ) * C O S D 2 1 1  J )  
F S = X l  ( J ) - X 2  
F 6 = ¥ 1  { J ) - Y 2  
DTOZ(  J | = ( D T O X ( J )  * F 5 4 . 0 T O Y ( J I * F 6 ) / D Z  
O P D Z ( J ) = (  D P O X ( J )  * F 5 4 . O P O Y ( J )  * F 6 ) / O Z  
AL(ItJ)--COSB21|J)/(SINB2I(JI*PP(2tJ)~PP|3tJ)**2) 
A L (  2 e J ) = C O S O 2 I  ( J ) - - F 3 * S I N O 2  [ ( J ) * D Z O N ( J ) I O Z  
AL(  3 • J ) = F  14.F3 ~ F 4 * O Z D N  ( J ) / O Z  
CR( J ) = F 3 * (  S I N O 2 I  ( J )  * ( O T O X ( J )  *DXON(J )~ I 'OTDY ( J ) * D Y O N ( J ) 4 "  

* D T D Z  I J ) *D  ZON ( J )  ) - -F4  * (DPOX I J ) '*DX DN ( J | "I-DPDY ( J ) *DYDN ( J ) 4. 
~DPDZ(  J ) * D Z O N ( J )  ) | 4 . A L ( I  • J l * P [  ( J ) ' I ' A L ( 2  • J )~kTHI  ( J ) ' I . A L  ( 3 • J  | 
* * P i  I ( J )  

22  C O N T I N U E  
OO 2 4  N = |  • 4  
L=M 
DO 23  J = !  •3  
AM( J t l ) = A L ( I  • L )  
AM( J • 2 )  = A L ( 2  • L )  
A M ( J • 3 ) = A L ( 3 • L )  
C M ( J • M ) = C R I L )  
L =L4.1 
I F I L e G T o 4 )  L = I  

23  C O N T I N U E  
CALL  S I M Q I A M • C N ( I  • N ) • ] • l )  

24  CONTINUE 
P2  = 0 . 2 5 0 0 . ( C M ( 1  • 1 | 4 . C M ( 1 9 2 )  4.CM(I  • 3 )  4 . C M ( t .  4 )  ) 
TH2=0o  2 5 D 0 * ( C M ( 2 . 1  ) 4.CM(2 o2 )  4 . C M ( 2 • 3 ) ~ C N ( 2 •  4 )  ) 
PS2=0.25D0*(CM(3•I)4.CM(3•2)4.CM(393)4.CM(3•4)) 
T2=TTOD.I~( P 2 / P  TOO ( | ) ) #q'GM 1G 
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R 2 = P 2 / (  RO$T2 ) 
Q2----'D S O R T ( 2 e O 0  #GGMI ~ R O # ( T T O O - T 2  ) ) 
I F (  [ T e E Q e  | )  GO TO 25 
[ F ( D A B S ( ( P 2 - P 2 0 ) / P 2 ) e L E e l e D - T )  GO TO 27 
ZF( [ T e E O e 2 5 |  GO TO 26  

25  CONTINUE 
P 20=P  2 
R 2 0 = R 2  
Q 2 0 : 0 2  
T 20"- TH 2 
PSO=PS2 
BE2=DA R S!  N( O SORT (G S P 2 / R 2  ) / 0 2  ) 

26  CONTINUE 
|F(DABS((P2--P20)/P2|eLEeIeD-5) GO TO 27  
t I R I T E ( 6 • I ) [  • Z E t O Z o X |  i V |  • P I t T H | • P S I I X 2 1 Y 2 • P 2 o T H 2 t P S 2 •  

~P2O•  T2OoPSO 
I F ( D A B S (  ( P 2 - P 2 0 ) / P 2 ) , G T e  | , D - 4 |  

27  CONTINUE 
XN( I ) = X 2  
YN( I )=~f2 
PN( I ) = P 2  
RN( I ) = R 2  
ON( I ) = Q 2  
TN( [ ) = T H 2  
PSN( I ) = P S 2  
RE TURN 
END 

STOP 
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21 
i 

2 2  

SUBROUT|NE F | N O ( |  + L 1 t L 3 t N E I  
INTEGER#2  N E ( I )  
RF_AL~4 O | S T ( 3 )  
COMNDN/VALUE/ZE  t X ( | 0 0 0 )  t Y ( t  0 0 0 )  
L 2 = L I ÷ L 3  
J = 0  
OO 22 L = L | o L 2  
0 : |  X( | | - X ( L |  | ~ 2 4 - ( Y ( | ) - Y ( L |  | ~ 2  
I F ( J e E Q . 3 |  G(] TO 21 
J=J~" I 
NE( J ) = L  
D I S T ( J ) = O  
I F ( J . N E . 3 )  GO TO 22 
CALL SQRT(D!  ST oNE o3)  
GO TO 22 
CONT|NU~ 
| F ( O . G E . O I S T ( 3 ) )  GO TO 22  
D I S T (  31=O 
N E ( 3 ) = L  
CALL  S O R T ( D | S T e N E o 3 )  
CONTINUE 
RETURN 
END 

4 ,  
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20 

21 

SUBROUTINE F I N O B P ( X | t Y I ) X B ) Y B ) I P O | N T )  
COMMON / G E O M / Z C I 5 0 )  • X C ( 5 0 ) 5 0 | t Y C ( 5 0 • 5 0 I . N S ) N P  
D I M E N S I O N  X B ( 5 0 I ) Y B ( 5 0 )  
CON T I NUE 
I P O I  N T = I  
DM| N=(  X I - X B (  1 ) ) ~ 2 4 F ( Y I - Y B |  1 ) ) (k~2 
DO 21 J = 2 • N P  
g = (  X l - X B ( J )  ) t t 2 f ( Y l - Y B ( J )  ) t t 2  
I F ( D e G E e D M I N |  GO TO 21 
I POI N T = J  
D MI N=D 
CONTI  NUE 
RE TURN 
ENTRY C K B D Y P ( X |  • Y I  e X B o Y B e | P O I N T )  
J = |  P O I N T  
DMI N=( X I - - X B (  J )  ) t t 2 t | Y |  ~ Y B ( J ) ) t t 2  
J = J - I  
I F ( J e E Q e 0 )  J=NP 
D=(  X I - X B ( J )  ) # # 2 ~ ( Y I - Y B ( J )  | i t 2  
I F ( D . L T . O N I N )  GO TO 20 
J = !  PO!  N T ~ I  , 
I F (  JeGTe NP) J = |  
D = (  X I - X B ( J )  | # t 2 ~ ( Y t - - Y B ( J )  ) t t 2  
I F ( O o L T . D M I N )  GO TO 2 0  
RE TURN 
END 
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21 

22 

SUBROUTINE F I T ( | )  
'COMMON/VALUE/ZEtX(tO00)IY,(1000) t P ( 1 0 0 0 ) t R H O ( 1 0 . 0 0 )  • 

t Q ( 1 0 0 0 )  o T H E T A ( 1 0 0 0 |  •PS I  ( | 0 0 0 )  sN 
-I NTEGER#2 N E ( 8 • 1 0 0 0 )  
COMMON /NEAR / N E  
REAL~8 R I B (  12 t 1 2 )  t C ( 1 2 1 5 )  t V A L ( 5 )  I D E R ( 2 e O )  I D X I  DYt FAC 
0 0  22 J = 1 • 1 2  
I F ( J e G T , 9 )  GQ TO 21 
B ( | e J ) = l e O O  
K=I  
I F ( J e N E e l )  K=NE( J--1 • i  ) 
B ( 2 o J ) = X ( K )  
B ( 3 • J ) = Y ( K )  
GO TO 22 
CONTINUE 
0 (  I • J ) = 0 e O 0  
B( 2 •  J ) - 0 e O 0  
B ( 3 • J )  =OeD0 
CONTINUE 
DO 24 J J = 4 • l l  
J = 1 3 - J J  
K L = J - |  
K I = I  
I F ( J e N E e l )  K | = N E ( K L t [  ) 
DO 23 K=I  •KL 
K 2 = I  
I F ( K . N E , | )  K2=NE(K--1 • [ )  
R=(  X ( K I  ) - - X ( K 2 )  ) t t 2 t ( Y ( K l  | - Y ( K 2 )  ) $ ~ 2  
B ( J J o K ) - R ~ C D L O G ( R )  

23 CONTINUE 
B( J J r  J ) = 0 , D 0  

24 CONTINUE 
B ( 1 2 1 !  ) = 0 , D 0  
DO 26 J = |  • | 1  
K= I  3 -  J 
K L = K -  1 
00  25 L = |  •KL 
B ( K t  1 3 - L ) = B ( L 6 J )  

25  CONTINUE 
26 CONT! NUE 

DO 29 J - - 1 • 1 2  
I F ( J . G T * 3 )  GO TO 
O•  27 K = I • 5  
C( J I K ) - - 0 e O 0  

27  CONTINUE 
GO TO 2g 

28  CONTINUE 
K L = |  3 -  J 
K = i  
I F ( K L e N E o  1) 

2 8  

K=NE | KL--I • | ) 
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29  

C ( J , 1 ) = P ( K )  
C( J e2) =RHO(K)  
C( J o3 ) ' =Q(K )  
C ( J o4}  = T H E T A ( K |  
C( J e 5 ) = P S |  ( K )  
CONTINUE 
CALL S IMQ(BeC •12  o5) 
RETURN 
ENTRY G E T P T ( X I  oYI oVAL) 
DO 30  J = l  =5 
VAL( J l  =C( 12e J ) e C ( l  | • J)/~X 1 e ¢ ( 1 0  t J )  ~ Y |  

30  CONTINUE 
DO 32 J = | e 9  
K = |  

I F ( J , N E e l )  K=NE( J - - |  IE ) 
R = ( X I - -  X ( K | )  ~ # 2 4 . ( Y I - - Y ( K )  ) ~ t 2  
[ F ( R e E Q o 0 e D 0 )  GO TO 32  
DO 31 L = I  • 5  
VAL(L . )  o V A L ( L )  4-C( J eL) #R~OLI]G ( R )  

31 CONT| NUE 
32 CONTI NUE 

RETURN 
ENTRY GETDER|X |  eX2 tOER)  
DO 33 J = l  •5  
D E R ( | e J ) - - - C ( 1 1  i J )  
D E R ( 2 t J ) - - - ' C ( |  0 , J )  

33  CONTINUE 
OO 35 J = 1 1 9  
K--[ 
EF (JeNEe  1) K----NE(J--| • I  ) 
D X = X t - X ( K )  
D Y = Y | - Y ( K )  

I F | R s E Q e 0 e O 0 )  GO TO 35 
00  34 L = 1 • 5  
FAC=2 ,,O0~C( J • L )  &( | ~D0+OLOG(R|  ) 
OER( 1 • L ) = D E R ( I  i l l  4-FAC~OX 
DER( 2 • L }  =0ER ( 2 t L )  ~FAC~DY 

34 CONTINUE 
35 C ONT|NUE 

RE TURN 
END 
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SUBROUT! NE 
I F (  i eEOc2)  
CALL 
CA LL 
CALL 
CALL 
CALL 
CALL 

][DENT( ! ) 
GO TO 21 

C A L C N P ( 1 5 o O o 2 • O t I O e O )  
SyHBOL(OoS,ToSeOe84oeFOLLQllI|NG PLOTS FOR e •OeO• 19)  
S Y M S O L ( I e 2 • S • S • o • g H •  owe Ce ARMSTRONG ° o O • O e 1 5 )  
S Y M B O L ( 5 • 5 e 3 • 5 • O • 8 4 e ° C S B - E A O  ° o O e O • 7 )  
CLASS( I •3 •0 • 0 )  
C A L C M P ( O o S • O • 5  •0 • 3 |  

RE TURN 
21 CONTINUE 

CALL CALCNP(OoOtOeOoO o3)  
CALL C L A S S ( 4 • 3  t O • O )  
CALL SYMBOL(•O8oTe5tOe84'•ePRECEEOZNG PLOTS F O R o • O e • 2 0 )  
CALL S Y M B O L ( I e 2 • S • S g O e 9 8 1 o w -  Co A R M S T R O N G ° t O • O e t 5 )  
CALL S Y N B O L ( 5 • 5 o 3 • S o O e B 4 • ° C S B - E A O  ° • O • O • ' / ' |  
CALL C A L C M P ( O o O • O • O • 9 9 0 9 • 2 |  
RETURN 
ENO 
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C 
C 
C 
C 

S U B R O U T | N E  INGEOM 
COMMON / T ! T L E / H E A D ( 2 0 )  
COMMON / G E O M / Z C ( 5 0 )  t X C ( 5 0 • 5 O I • Y C I 5 0 • 5 0 ) • N S • N P  
CrJ M M O N / I  D E B U G / I  DBUG ( 80  ) 
C O M M O N / V A L U E / X (  5 0  • 5 0 )  • Y ( 5 0  • 5 0  ! • S ( 5 0  | • I T  ( 5 0 )  • IV ( 5 0 )  

I FORMAT(  •1  • • 1 0 X • 2 Q A A / / 2 0 X • • G E O M E T R Y  I N P U T  • •10X•  
• °NO•  OF S T A T I O N S  : 0 • 1 3 / )  / 

2 F O R M A T ( J 0  Z = • • l P E l 3 e S • S X • t I V  = • , I 3 • 5 X • • I T  = • • 1 2 / /  
# 8 X t  • X t 9 1 4 X •  t y I / )  

3 F O R M A T ( I P 2 E |  B e 5 )  
4 FORMAT(  •1  • • | 0 X • 2 0 A 4 / / 2 0 X • • C O N V E R T E D  G E O M E T R Y ' / / )  
5 F D R M A T ( 2 | 5 • E I 0 • 0 )  
6 F O R M A T ( 8 E t 0 • 0 )  

I V =  NO• OF P O | N T S  AT T H I S  S T A T I O N  
I T =  1 - A L L  P O I N T S  G I V E N  I N  RECTANGULAR C O O R D I N A T E S  

2 - A L L  P O I N T S  G I V E N  I N  POLAR COORD|N&TES 
3 -- ONE P O I N T  G I V E N  I N  POLAR 

R E A D (  8 • 5 )  NS 
I F (  IDRUG(  1 |  e N E • O |  

~ W R I ' T E ( 6 t Z  ) H E A D • N S  
DO 21 I'=I i N S  
R E A D ( 8 • 5 1 1 V ( 1 )  • I T ( I ) , Z C ( l l  
I F ( I D B U G (  | ) . N E e O )  

t W R I T E (  6 • 2 ) Z C (  I ) • I V l l  ) • I T ( I  ) 
N = I  V(  I ) 
I F ( | T ( 1 ) e E Q e 3 |  N = I  
R E A O ( S t 6 | ( X ( J t | |  , Y ( J o | )  o J = | o N )  
I F ( I D B U G (  I ) , N E . 0 )  

# t t R I T E ( 6 , 3 ) ( X ( J • ] )  • Y ( J o | )  o J = l e N )  
21 C O N T I N U E  

0 0  2 6  1=1  •NS 
I F (  | | B U G (  2 ) o N E . 0 )  

• $WRI TE ( 6 , 4 ) H E A D  
I F ( | O B U G (  2 ) , N E • 0 |  

~WRI T E ( 6 • 2 | Z C ( I  | • I V ( |  ) t i T (  1 ) 
N : I V (  I ) 
I F ( I T ( | I . E Q . I )  GO TO 2 5  
I F I I T ( 1 ) . E Q o 2 )  GO' TO 2 3  
0 " T = 3 6 0 . 0 / N  
Y(  ! , I  ) : 0 • 0  
DO 2 2  J = 2 t N  
X( J o l  ) = X (  1+1 ) 
Y ( J • [ ) = (  J - I  ) # D T  

2 2  C O N T I N U E  
2 3  C O N T I N U E  

DO 2 4  J = l  IN  
XX=X(  J • I  ) $ C O S ( 0 •  0 1 7 4 5 3 2 9 5 Y ( J •  I ) ) 
Y(  J • I  ) = X (  JeT  | ~ S l  N ( 0 . 0 |  7 4 5 3 2 9 4 Y ( J •  l } | 
X( J • I ) = X X  

2 4  C O N T I  NU~. 

COOROINAT ES 
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2 5  CON1 [NUE 
I F ( I O B U G (  2 ) e N E e 0 )  

S W R I T E ( 6 ~ 3 ) ( X ( J e l . )  9 Y ( J t l | l J = l t N |  
2 6  C O N T I N U E  

N P = |  V (  1 ) 
DO 2?  I = 2 t N S  
I F [ N P e G E e I V ( I ) )  GO TO 27 
N P = ;  V(  [ ) 

2 7  C O N T I N U E  
N P M = N P - I  
F A C = t  • 0 / N R N  
OO 3 3  I = | t N S  
N=IVl I ) 
S( 1 ) = 0 , 0  
OO 2 8  J = 2 e N  
S( J ) = S ( J - I  ) ~ S Q R T ( ( X (  J g l  ) - X ( J - t  • I ) ) $ $ 2 ~  

• ( Y( J t l  ) - -Y (  J - I  oE ) | $ ~ 2 )  
2 8  C O N T I N U E  

O S = S ( N )  ~FAC 
XC( I t l  )=X(  1 t l )  
YC( 1 , 1  )= 'Y(1  o I )  
X C ( N P ,  I ) = X ( N , I  ) 1 
Y C ( N P , i  I = Y (  N ~ |  | 
K L : 2  
D13 ~.2 J : 2 , N P N  
SP=O Se(  J - 1  ) 
DO 29  K = K L e N  
I F ( S P - - S ( K 1 ) 3 1  ~ 3 0 e 2 9  

2 0  CONTI  Nt~[ 
K=N 

30  C O N T I N U E  
X C ( J e l  ) = X ( K e i )  
Y C ( J e i  ) = Y ( K t i  ) 
K L = K  
GO TO 32 

] 1  CONTINUE 
R A T - - ( S P - - S ( K - - I  ) ) t ( S I K ) - S I K - |  | | 
X C ( J t I ) : X ( K - - I  t I J ~ I X ( K o I | - - X ( K - - I • I ) I ~ R & T  
YC( J t  [ ) = Y ( K - - t  t l  )4k ( Y ( K t  ! ) - - Y ( K - |  • I ) ) ~ R A T  
KL=K 

32  CONTINUE 
3 3  CONTINUE 

RETURN 
END 
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C 
C 
C 
C 
C 
C 

S U B R O U T I N E  I N P U T  
COMMON / T I  T L E / H E A O ( 2 0 )  
CDMMON/V&LUE/ZEtX(|OOO),Y(IOOOItP(IOOOI,RHO(IO00| • 

4 ~ Q ( | O O O ) • T H E T A ( t O 0 0 )  e P S | ( | O O O ) , N  
COMMON / S T A G / P T O ( I O 0 0 )  , T T O , A T O T • Z O t Z M A X • N B ( 2 0 0 ) o  

4 J N B O ( 2 0 0 |  o J N A X o J P T , I B • I P L O T , I T I I e | T I 2  
COMMON / G A S / G e R O • G M t  ~ G N I H ~ G M I G I G G M I , G P I • G P G M  
C OMI~ ON/ l [  D E B U G / I  DRUG ( BO ) 
INTEGER4J2 N B t N H O  
C O M M O N / N V A L U / X R ( ~ . O )  ~ Y R ( 2 0  ) t P R ( 2 0 )  o T H R ( 2 0 )  , P S R (  2 0 ) •  

4~QR ( 2 0 )  , P T R ( ~ O )  
I F O R M A T ( ' I  e , I O X , 2 O A S / / 2 O X • e S T A R T I N G  P L A N E  I N P U T I / / 5 X e  

4ceGAMMA = '  , F 5 . 3  , 5 X , e P T O  - - e ~ l  P E l 2 e S t 5 X t e T T O  --e t E l 2 , S i .  
~ 5 X •  IR  = '  • E 1 2 , 5 )  

2 F O R M A T ( ' O  ZO=e•IPEI2e595XteZMAX=e~EI2o5,5XI e I T Y P E = I t  
4112•SX•IIMV='oI2t5XteNPTS=t~I5•5Xe~NRAYS=~i3~5X~ 
4~0 JMA X = t  ~ I  5 • 5 X •  e J P T = e  ~ 1 5 / 4 4 X  •o I f:q.OT=e • 1 2 , 4 X •  e IT  1 1 = '  • 1 2 ;  
#SX~eETI2:'ei2•TX•~INEIGH:=,I2//BX~X e e l 4 x e e Y e • | S x e l p e •  
~ I A X •  ~ O e e t 2 X ,  e T H E T A e , l t X ~ e P S I e ~ | 2 X ,  • P T O • / / )  

3 F O R M A T ( |  P T E |  5 ~ 5 )  
4 F O R M A T ( T E  l O e O •  I 5 )  
5 F O R M A T ( 2 E I  Oo 0 ~t  0 1 5 )  
6 F O R M A T ( t l  ~ I O X ~ 2 O A ~ / / 2 O X e • S T A R T I N G  PLANE V A L U E S e / / B X ~  

4 'eXe e l S X e  " Y '  , 1 4 X ~  ' P "  t l 3 X ,  eRHO e s | 3 X t  •Q~ , | 3 X ~  ' T H T '  • 1 2 X e  
~ P S !  • ~ t 2 x * e P T Q ~ / / ( I P B E I 5 . 5 ) )  

F O R M A T ( e O  TOO MANY BODY PC] I I~ I 'S  I ) 
I N V = O  Q ( I I = Q  
I M V = I  Q ( I ) = M  
I M V ' - 2  O ( l  ) =W 

i TYP~..-'O ONE RAY 
! TYPE"=- 1 PLANE 
! T Y P E = 2  PLANE 

7 

1 9  

THET A(  I ) = T H E T  .~'~ 1:5 1 ( I ) = P S  ! 
T H E T A (  I ) : T H E T A  PS ! (  I ) = P S I  
T H E T A ( I  )=U  PS I (  i ) = V  

G I V E N  I N  POLAR COORDINATES 
G I V E N  I N  PDLAR C O O R D I N A T E S  
G I V E N  I N  RECTANGULAR C O O R D I N A T E S  

R E A D ( 8 , ~ , )  G ePTO , T T C , R O  
WR| TE(  (~l ! ) H E A D  oG• PTO t T T 0 9  ~O 
READ(  8 oS)  ZOeZMAX91  TYPE , | MV e N P T S ,  NRAYS • JMAXo JPT • I P L Q T t  

4 t | T l l  t I T I 2 , I N E | G H  
WR I TE ( f~ ,  2 )  ZO ~7 MAX, | T Y P E ,  I.~qV , N P T S  • NR AYS t JMAX t J P T ,  I P L O T ,  

• I T1 t ,,I T | 2  , I  N E I G H  
N--NP TS 
I B = O  

DO 20  I = t , N  
' R E A I ' ) ( R , A )  X ( I )  t Y ( I ) , P ( I )  t Q ( I )  , T H E T A ( Z )  t P S I ( I ) , P T O ( | ) , N B P  
ZF ( P T ( I ( I  ) . E O e O ,  O) PTO( ! ) " P T O  
t F I  I H V . E Q . 2 )  GO TO 19  
THE TA ( I ) =~). 01 7 4 5 3 2 9 ~ T H E T A  ( I ) 
PST { ]" ) = 0 .  OI 7 ~ 5 ~ . 9 ¢ P S I  ( I )  
C C~ NT [ N UF. . 
I - F ( N [ I P o f ~ Q e q )  GC TO :>0 
f 3 .-=- I R~ ! 
I F ( I [ ; , ( ; ~ ' . . ~ . ~ . O )  ( ;0 TO qO 
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NB ( ! ~ ) ".-- I 
2 0  COHTIHUE 

'Z~( IDL~tJC,( 3 )  o N E , t ) )  
*M.~¢T~'.(~e3t(X(!),pY(!)tP(I),Q(I),THETA(I)+PSI(I), 
* P T O (  [ ) o l  = l  , N )  

I F ( | T Y P E , E Q , I )  GO TO 24  
I F ( [ T Y P E , E G e 2 )  GO TO 26  
DO 21 l - - I  ON 
XR( 1 ) = X ( ! )  
YR( I ) = Y (  ! ) 
P R ( !  ) = P ( ! )  
Q R ( 1 ) - - - - Q ( I )  
T H R ( I  } = T H E T A ( I )  
PSR(  I ) = P S I  ( ! )  
PTR(  | ) = P T O ( I )  

21 CONTINUE 
I B = l  
J = 0  
NB I =NB ( 1 ) 
DO 23 I = I , N  
J = J ~ l  
X ( J )  = X R ( [  ) 
Y ( J )  m Y R ( I  ) 
P (  J ) = P R ( !  ) 
Q( J ) = Q R ( |  ) 
THIE TA ( J )  = T H R (  |'1 

22  
2 3  

2 4  

P S I ( J )  = P S R ( |  
PTO(  J ) : P T R ( |  | *  
I F ( ! , E O , ! )  GO TO 23  
NPTS=3  • 14 ! 5 q 3 / A R S |  N( 0e 5 /F I . .OAT ( [ - -  | ) ) 4.0 • 5 
O T = 3 6 0  , . 0 / N P T S  
NPT S=NPT S-- | 
I F ( N B I  ,E. Qo I  ) NB( | B)--.--J 
DO 22 K = l t N P T S  
J = J + |  
X( J ) = X R (  I ) 
Y(  J ) = Y R ( I  ) 4 . F L O A T ( K ) * O T  
P(  J ) = P R ( |  ) 
Q( J ) = Q R (  | ) 
T H E T A ( J )  - -THR( | ) 
P S I  ( J I = P S R ( I )  
PTO(  J ) - - P T R ( X  ) 
I F ( N B I , N E e I )  GO TO 22 
1 8 = I B 4 - I  
I F ( I B e G T , 2 0 0 )  GO TO 9 9  
NB(  | f l ) = J  
CONTINUE 
C O N T I N U E  
N=J  
CONTINUE 
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261 

DO ; !5 i = I ) N  
S T = S !  N( 0 . 0 1 7 4 5 3 2 9 e Y ( I  ) ) 
CT:=CO S( 0e 0 1 7 4 5 3 2 0 ~ Y (  I ) ) 
Y( I ) : X ( I  ) • S T  
X( I ) : X ( !  ) ~CT 
TANP=SQRT ( T A N (  THE-TA ( I ) I ~ ~241"T AN(PS I ( I ) | e e  2 I 

P S I  ( I )=ATAN(TANPI I~ST)  
THETA(  I ) = A T A N (  TANP4DCTeCOS(PSI  ( 1 ) )  | 

2 5  CONTINUE 
26  CONT!  NUE 

A TO T=SQRT (G #RO eTT C) 
G M I = G - I e 0  
G N I G = G N 1 / G  
GP I=G(I- 1 • 0 
GM I H = 0 e  5~'.)MI 
GPGIqIGP 1 / G M I  
GGMI = G / G M I  
XNB= 0•  0 
Y N B = 0 •  0 
OO 261 I - I • i B  
J=NB(  ! | 
XNB= XNB41- X ( J I 
YNB=YNSC.Y ( J )  
CONTINUE 
XN8 = X N B / I  B 
YNB----YNB/I B 
OO 27  I = I • I B  
J = N B (  I ) 
R H Q ( I  | = A T A N 2  ( Y ( J I - Y N S • X (  J I - X N B I  
I F ( R H O (  I ) • L T e 0 • 0 )  RHO ( 1 )-----6 • 2 8 3 |  8511"RH0( l ) 
NBO( I ) = J  

2 7  CONTINUE 
CALL  S O R T ( R H 0 m N B ( I e l B )  
NS( I B l l ) = 0  
NBO( IB4" I  ) = 0  
DO .30 I = I t N  
I F ( I M V . E Q e l )  GO TO 28 
V=Q( I ) 

2 8  

29  

I F (  I M V e E Q .  2 )  V=SQRT (V~#241.THET A ( I ) #~2(I-PS ; ( I ) 8 ~  2 )  
S M = ( V / A T I l T )  ~ t 2  
SM=SQR lr( S N / (  1 • 0--GN| H~SN)  ) 
I F ( I r M v e F ' Q e 0 )  GO TO 29  
P S i  ( | ) = A T A N 2 ( P S I  ( I )  )Q ( . I  I )  
THETA(  I ) = A T A N 2 ( T H E T A ( I  ) •Q(E  ) / C O S  (( IS I ( I | I ) 
QI I ) = V  
GO TO 29 
C O N T I N U E  
SM=Q ( ! ) 
Q ( I ) = SMII~A T O T / S Q R T  ( 1 e04"GNI H ~ S M ~ 2  I 
CONTINUE 
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SMS:SM#4~2 
SMFAC: 1 • 04"G M1H 4IS MS 
T : T T O / S M F  AC 
RHO( 1 )=P (  1 ) / ( R O * T I  

30 CONT|  NUE 
I F ( I D B U G (  4 ) o N E . 0 )  

~¢WRITE(696|HI:ADt(X(I)eY(X),P(|),RHO([),Q(X)oTHI=TA(|). 
• P S X ( | )  . P T O ( [ ) , [ = I  oN) 

I F (  ( 1TYPEeEO.  0)  •AND• ( |  NE [GH.EQe0  ) ) 1NEIGH= | 
XF|  I N E | G H . f : 0 • 0 )  CALL NE|GH 
I F (  |NE XGHeEO. 1 ) 
[ F (  INE IGHoEOe 2)  
RETURN 

99  CON'f |NUE 
VlR[ TE(  61 7)  
STOP 
END 

CALL RNEXG 
CALL REAONE 
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21 

SUSROUTI NE NEIGH 
COMMON/VALUE/ZE • X 1 1 0 0 0  I • Y ( I O 0 0 1  • P (  1000 I • R H O 1 1 0 0 0 )  • 

~kQ( | 0 0 0 )  • T H E T A ( | O 0 0 )  •PS I  ( 1 0 0 0 )  •N 
t NTEGER$2 NE(8  • t  0 0 0 )  
COMMON / N E A R / N E • O N I N  
COM~ON/I  DEBUG/ I  OBUG( 80 | 
D IMENSION L | S T ( . I Q )  • L O N G ( 1 9 )  
DATA L I S T / I  • 2 •  8 •20  • 3 9 • 6 4 • 0 5  • 133 • | 7 7  • 2 2 7 ' • 2 8 4 • 3 4 7 • 4 1 6 •  

• 401 • 5 7 3 • 6 6 1  • 7 5 5  • 8 5 6  • 9 6 3 /  
DATA LONG/O •5 • t  I • L8 •24 •30  •37' •43  • 4 9 • 5 6 • 6 2 , 6 8 •  74 • 8 1 • 8 7 •  

~ 9 3 • 1 0 0 • 1 0 6 , 0 /  
| F O R M A T ( ' 1  • • 2 0 X • ' N E I G H B O R S ° • 5 X •  •DMIN =• • 1 P E | 2 . 4  

~ ¢ / / 6 X • ° B A S E ' • � x , e t  ' t , 9 X • ' 2 '  • 9 1 t ' 3  ° • 9 1 , 0 4  ' 1  
4 t Q X • e S e • Q X • O G • e � X • e 7 0  • 9 X • • 8 t / / )  

2 FORMAT(Q|  10 )  
D,|MENSION D X M ( 8 )  
DMI N.---I eEIO 
DO P.3 | = I • N  
lC=O 
DO 22 J= 1 •N  
I F ( I • E O . J )  GO TO 22 
D=(X(I)--X(J))t+2~(Y(I)-YIJ))II2 
I F ( I C . E Q • 8 )  GO TO 21 
I C = I C ~ I  
NE( l C • [ ) : J  
DXM( IC )--0 
| F ( I C e E O e S )  CALL S O R T | D X N I N E ( |  • I ) • 8 )  
GO TQ 22 
CONTINUE 
[ F ( O . G E . D X M ( 8 ) )  GO TO 22 
NE( 8 , I  ) = J  
DXM( 8 ) = 0  
CALL S O R T ( D X M • N E ( |  t l ) • 8 )  

22 CONTINUE 
XFKDXM( | ) . L T . O M K N )  

23 CONTINUE 
GO TO 29 
ENTRY RNEXG 
J = |  
O0 28 [ = X + N  
I F (  | e G E . L I S T ( J 4 " i )  ) 
I F ( J e N E e l )  GO TO 25 
DO 24 K=X , 6  
NE(K • |  )=K4"t 

24  CONTINUE 
N E ( 7 . K ) = t !  
N E ( E • I  ) = I T  
GO TO 28 

25  CONTINUE 
L L = !  -- l 

OMI N=OXM(I ) 

J = J ~ l  
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2 6  

27 

2 8  

29  

I F ( L L e L T o L [  S T ( J )  ) 
L H : I  4~ 1 
I F ( L H o G E  * L I  S T ( J ~ I . )  ) 
HE( 1 • i I = L L  
NE( 2 • I  ) = L H  
I F ( J o N E e 2 )  GO TO 26 
L L = L L -  1 
I F ( L L e L T e L I  ST ( J ) )  
LH- -LH~ 1 
I F ( L H e G E  e L I  ST(J4~S ) )  
NE( 3 t I  )---'LL 

N E (  401 ) : 1  
N E ( 5 • I  J=LH 
K = J +  1 
GO TO 27  
CONTINUE 

L L = L I  ST ( J4kl ) --1 

L H = L !  ST ( J )  

L L = L I  ST ( J 4 k l )  - 1  

LH  ---1.I ST ( J ) 

CALL FIND(ItLIST(J-1)eLONG(J--I)•NE(3•[|) 
K.---J~ 1 
I F (  N . L T o L X  S T ( K )  ) K = J - 2  
C ON'TI NUE 
CALL F I N D ( I I L I S T I K )  • L O N G ( K ) e N E ( 6 ,  I ) )  
CONT.INUE 
GO T n  2 9  
ENTRY REAONE 
R E A O ( 8 , 2 ) ( K g I N E ( J e K ) g J = - - 1  • 8 ) t l = t g N )  
CONTI NUE 
I F (  (DBUG( 5 )  o N E . 0 )  

* t l R I ' T E ( 6 • I  I D N I  N 
I F ( I O B U G (  5 ) o N E o O I  

* W R I T E ( ( 5 • 2 ) ( I • ( N E ( J t I ) o J = I • 8 )  • [ = t t N |  
RETURN 
ENO 
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2 1  

22  

2 3  

SUBROUTINE NEWRAP(T o P e A , B o C t  N | ,  N2 1 N3 | 
I M P L I C  I T  REAL~S(  A - H  • O - Z )  
R E A L ~ 8  N I • N 2 ~ N 3 , J  
F O R N A T ( ° O  F A I L E O  TO CONVERGE I N  NEt lRAP T = ° ,  I P | [ 1 2 , 5 1  

t S X ,  ° T N : "  e E 1 2 • 5 , 6 X  • • P=•  , E 1 2 e 5  o5X I "e P N : • ,  E 1 2 e 5 / 5 X t  e T O : °  • 
t e l  2 •  5 , 5 X ,  •PG= • oE12 • 5 / 6 X  • o A= • , E I 2 , 5 • 6 X I  • 13=• • E12eSo 6Xe 

• C :  • o E 1 2 •  5 , 5 X •  °N l  = • o E | 2 " o S I S X t  ON2 : °  , E 1 2 , 5 " o 5 X l  • N 3 :  e 
~ 1 2 • 5 )  

T O : T  
P O : P  
DO 22 [ : 1 1 5 0  
S I N T = O  SI  N ( T )  
C O S T : O C Q S ( T )  
S I N P : O S I  N ( P )  
C O S P : D C O S ( P )  
F : A  # T~B # P - C  . 
G=N1 OCOST ~COSP~N2~S |  N T t  N3~COST~S INP  
D G T : - N 1  ~$1 NT #C OSPt  N2 # C O S T - N 3 ~ S  X N T i S  l NP 
D G P = - N |  ~COST~S I NP~ N3 ~CQST~kCGSP 
J=A #OGP-B ~kDGT 
T N = T - - ( F  #DGP-G # B ) ' / J  
PN=P~(F~kOGT-G #A)  / J 
I F ( D A B S ( ( T - T N )  ) o G T e | e D - - 6 I  GO TO 21 
I F ( O A B S ( ( P - - P N )  ) o L E , I o O - 6 )  GO TO 23  
CONTINUE 
I F ( I o E Q o 5 0 )  GO TO 22  
T---Oo SO 0 ~ (  T~ TN)  
P = O e S D O ~ ( P + P N )  
CONTINUE 
WR| T E ( 6 o l ) T o T N o P o P N o T O t P O •  A o B e C • N |  e N 2 t N 3  
CALL  ERRIICA 
STOP 
CONT [ NUE 
T=TN 
P=PN 
RETURN 
END 
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23  

24  

SUBROUTXNE N O R M A L ( X e Y m Z o A e B I C o N |  e N 2 e N 3 e E T • E B )  
| M P L | C E T  R E A L e 8 ( A - H t O - - Z )  
R E A L * 4  ZCoXCeYC 
COMMON / G E O M / Z C ( 5 0 )  9 X C ( 5 O I S O | e V C ( 5 O e 5 0 ) o N S o N P  
R E A L * 8  N | t N 2 e N 3  
C OMMON/E O E B U G / |  OBUG( 80  | 
R E A L * 8  F ( 3 e S ) t F A ( 5 )  • F B ( 5 I e F C ( 5 )  

| FORMAT( 'eO NORMAL X=OelPE|2oSeSXlly=oeE|2o5eSXeeZ--ee 
*E 1 2e 5 1 5 X , 2 H A = o E 1 2 o 5 , 5 X ,  ° B = °  oE|  2 , , 5 , 5 X ,  i C=o , E |  2 e 5 |  

2 FORMAT(SX,°Tt•e|2X,IT2e,L2X,eA2°,I2X,°B2°,12Xo°C2 ° ,  
* | 2 X ,  t N | e , 1 2 X t ° N 2  • , t 2 X , ° N 3 ° / t P S E 1 4 o S )  

I F |  | O B U G ( 1 1  ) eNE,,O) 
*MR [ T E (  6 e l  ) X , Y  • Z e A  eB ,C  

N S M - N S - t  
O0 21 [ = 2 1 N S M  
| F ( Z e L E e Z C ( X ) |  GC TO 22  

2 |  CONTZNUE 
| = N S N  

22  CONT / NUE 
CALL  B D Y F [ T ( A I  •B1oCI,XC(I,|--I),YC(I,|--|),IOoXTI) 
CALL  B O Y F [ T ( A 2 , B 2 , C 2 , X C ( I , |  • ) , Y C ( I , |  ) , [ 0 , 1 T 2 )  
CALL BOYF|T(A3,B31C3oXC(L,X4~I)oYC(|o|4"1),XB•iT3) 
' [ F ( Z T 2 e E O e 4 )  GO TO 23 
[F((|TleLEe.[T21eANDe(|T3eLEeXT2)) GO TO 24  
GO TO "27 
C O N T |  NUE 
|F((|TleNEe(T2ieQRo(XT3oNEe'[T2)) GO TO 27 
C O N T | N U E  
FAC | = 1 o 0 0 / (  ZC( [ . | - Z C ( [ - 1 ) )  
F A C 2 = l e O O / ( Z C (  1 + |  ) - - Z C ( [ - - 1 )  ) 
F A C 3 = I  .D O / ( Z C (  14~t ) - Z C (  1 ) )  
F A C 4 = Z C {  [ - -1 ) ~ Z C (  [ ) 
A 2 = (  A2- -A I  ) * F A C I  
8 2 - ( B 2 - 8 1  ) * F A C I  
C 2 = (  C 2 - C 1  ) *FAC1 
A 3 = ( A 3 - A |  ) * F A C 2  
B 3 = ( B 3 - - B I  ) ~FAC2 
C 3--'-( C 3 - C 1  ) 4q= AC2 
A 3 = (  A 3 - A 2  ) ~F AC3 
0 3 - - ( 0 3 - B 2 )  * F A C 3  
C 3 = ( C 3 - C 2  ) 1M = AC3 
A 2 - -A2 - -A3~FAC4 
B 2 = B 2 - - B 3 * F A C 4  
C 2=:C 2 - C 3 , F A C 4  
A | = A I - ~ A 2 ~ - A 3 ~ Z C (  X - I  ) ) * Z C ( [ - 1 )  
5 l - - B | -  (B2~-B3 ~,ZC ( I -  1 ) ) * Z C (  | - 1  ) 
C I = C I - ( C 2 + C 3 ~ Z C ( 1 - t )  | * Z C ( X - l )  
A X = A t  ~- ( A 2 ÷ A 3 * Z )  *Z  
8 Y = B I ~ ( B 2 ~ B 3 * Z ) * Z  
. IF(  [ T 2 e N E e 4 |  GO TO 25  
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N 2 = - 2 . 0 0 ~ (  X - A 1 -  ( A 2 * A 3 # Z )  ~ Z |  
N2=- -DABS(  N2 ) #OS [GN(  11 • DO tX--AX ) 
N 3 = - 2 .  O 0 # (  Y--B 1 - ( B 2 *  B3 ~ Z )  ~ Z )  
N 3 = - O A B S (  N3 ) #O S][GN( 1 •O0 t Y - B Y  ) 
N I = - - N 2 ~ (  A 2 * 2 e O 0 ~ A 3 ~ Z ) - -  N 3 ~ ( B 2 * 2 e D 0 ~ B 3 ~ Z )  4 k C 2 ~ 2 e D 0 ~ C 3 ~ Z  
GO TO 26  
CONTINUE 
N 2 = - O A B S ( A X )  ~ O S [ G N ( 1  •DO 9X--AX)  
N 3 = - - O A S S ( B Y )  # D S I G N (  IL •DO e Y - S Y )  
N 1 - - - - ( A 2 ~ 2 e D 0 t A 3 ~ Z )  ~X-(B2+2•DOtB3~z)#Y~(c2~2.D0~C3~Z) 
C O N T I N U E  
O=D SQRT( N I  # ~24k N2 ~ t 2  • N3 @#2) 
N1 = N 1 / O  
N 2 = N 2 / D  
N 3 = N 3 / D  
I F (  | D B U G (  L l  ) .NIEo 0 )  

• W R | T E ( 6 o 2 ) T I  t T 2 1 A 2 e B 2 t C 2 , N I  , N 2 e N 3  
RETURN 

2 7  C O N T |  NUE 
| F (  | T |  . E Q . 4 )  GO TO 2 9  
F (  I ,1  ) = 0 . 0 0  
F (  | t 2 ) = A |  
F (  | e 3 ) : 0 . O 0  
F (  | 1 4 ) = 8 1  
F (  I e S ) = C l  
GO TO 30  

29  CONTINUE 
F(  l o l l = l e D 0  
F ( I t 2 ) = - 2 e D 0 ~ A I  
F ( l t 3 ) = l e D 0  
F ( I e 4 I = - 2 e D 0 ~ B 1  
F (  I o 5 ) = C 1 - - A 1  # ~ 2 - B !  ~k~2 

30  C O N T I N U E  
I F ( [ T 2 o E Q o 4 )  GO TO 31 
F (  2 t 1 ) = 0 . 0 0  
F (  2 o 2 ) = A 2  
F (  2 e 3 ) = 0 e O 0  
F (  2 o4 )  ---B2 
F ( 2 1 5 ) = C 2  
GO TO 32 

31 CONTINUE 
F (  2 t l ) : | o O 0  
F (  2 1 2 ) = - - 2 1 D 0 t A 2  
F (  2 1 3 ) = l e D 0  
F ( 2 e 4 )  : - 2 e D 0 t B 2  
F (  2 o 5)----C 2--A 2 • #2--112 ~ 2  

3 2  C O N T I N U E  
I F ( [ T 3 . E Q . 4 )  GO TO 33 
F (  3 t l  ) =0oDO 
F(  3 , 2 ) = A 3  
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3 3  

3 4  

35  

F (  3 ; 3 ) = 0 . 0 0  
F (  3 t  4)::=B3 
F (  3 t  5) :=C3 
GO TO 34 
CONTINUE 
F (  3 e l ) = | . 0 0  
F ( 3 1 2 )  = - 2 e O O ~ A 3  
F (  3 1 3 ) = 1  eDO 
F (  3 o 4 ) = - 2 e D O # B 3  
F (  3 j 5 )  = C 3 " A 3 # t 2 - B 3 # ~ 2  
CONTINUE 
O Z 2 | = Z 2 - Z 1  
O Z 3 t = Z 3 - Z I  
D Z ~ . 2 = Z 3 - Z 2  
Z | 2---Z 1 " Z 2  
DO 3 5  K = l t 5  
F B ( K ) = ( F ( 2  o K ) - F ( I  t K )  ) / D Z 2 |  
F C ( K ) = (  ( F ( 3  e K ) ' - F ( 1 , K )  ) / D Z 3 1 - - F B ( K )  ) / 0 Z 3 2  
FB |  K ) = F B ( K ) - F C ( K )  ~ Z | 2  
F A ( K | = F (  | , K ) - - ( F B ( K ) ' F C ( K )  ~ Z |  ) : tZ1  
CONT|  NUE 
N 2 = 2 e D O t ( F A ( I  ) ' ( F B ( I  ) ' F C ( | )  ~ Z ) ~ Z ) ~ X t F F A  ( 2 ) " ( F B (  2 ) ' I ' F C ( 2 ) ~ Z  | ~ Z  
N 3 = 2 o O O # ( F A ( 3 )  + ( F B ( 3 ) ' F C ( 3 |  ~ Z ) # Z ) ~ Y 4 " F A ( 4  i ' ( F B ( 4 ) 4 ~ F C ( 4 I ~ Z ) # Z  
N |  ='- ( F  B( 1 ) " 2 .  D O M : C ( |  ) # Z )  ~ X # ~ 2 - ( F B  (2 )4 "2  e D O # F C ( 2  ) ~ Z ) ~ X  

~, - ( F B ( 3 ) ' 2  . O O e F C ( 3 )  ~ Z )  ~ Y ~ : ~ 2 - ( F B ( 4  ) " 2 e D O ~ F C  ( 4 ) ~ Z )  ~Y 
4" (FB(  5 ) ' 2 e  O O e F C ( 5 )  ~ Z )  

AX==FA( | ) 4 " ( F B ( X  ) ' F C ( | )  ~ Z ) ~ Z  
| F ( A X , E Q e  OeDO) A X : - - 2 .  O0 
A X = - - 2 e O O t ( F A ( 2 ) ' ( F B ( 2 ) ' F C ( 2 )  ~ Z ) ~ Z ) / A X  
B Y = F A ( 3 ) ' ( F B ( 3 ) ' F C ( 3  | ~ Z ) ~ Z  
[ F ( B Y e E G e O e D O )  B Y : - 2 e D O  
B Y = - 2 e D O t ( F A ( 4 | "  ( F B ( 4 ) ' F C ( 4 ) ~ Z | ~ Z ) / B Y  
N 2 = - O A B S (  N2 ) :~OS| GN( | eDO t X - A X )  
N 3 = - O A B  S( N3 ) ~0 S |GN ( 1 • DO t Y - B Y  ) 
GO TO 26 

~ND 
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SUBROUT|  NE O U ' T P U T ( I T )  
COMMON / T I T L E / H E A D ( 2 0 )  
C O M M O N / V A L U E / Z |  • X ( 1 0 0 0 )  + Y ( 1 0 0 0 )  • P ( 1 0 0 0 ) , R H O ( 1 0 0 0 )  • 

• Q( | 0 0 0 |  • T H E T A ( 1 0 0 0 )  oPSI  ( 1 0 0 0 )  oN 
COMMON I S T A G I P T O ( | O 0 0 )  • T T O I A T O T + Z O + Z M A X + N O ( 2 0 0 ) I  

• h l B O ( 2 0 0 )  , JMAX • J P T , [  B I | P L O T o X T I  1 • I T | 2  
COMMON I G A S I G I R O I G M I  , G M | H t G M I G e G G M I • G P t • G P G M  
| NTEGER4k2 NB •NBC 

| F O R M A T ( D |  o • 2 0 X e 2 0 A 4 / / 3 0 X • O Z E  - • • I P E | 2 • 5 • | 5 X • ° S T E P  N O • "  
• • |  5 / / 2 X •  tNO•  • •SX  • ° X  ° • 1 4 X •  Dye • 1 4 X  e epo • | 3 X •  e RHOe • 1 3 X •  DO° 
• • 1 2 X •  • THETA • •1 | X o e P S |  o • | 3 X  tom . t 8 X •  e 8 0 D Y e / I )  

2 F O R M A T ( |  X e |  4 • 1 P S E |  5 • 5  • 1 X  • A 4 )  
3 F O R M A T ( e | O o 2 0 X + 2 0 A 4 / / I O X • ° B O O Y  P O ] N T S  AT ZE = e o l P E | 2 e 5  

# • I 5 X • O S T E P  NO• t e | S I / 2 X • O N O •  t • S X e ° X t • | 4 X • e Y  e • 1 4 X • t P ° e  
# t 3 X ~ t R H D O o t 3 X • t O t  •12X•tTHETAOtIIX•tpsIo•t3Xet14t//) 

4 F O R M A T ( I  X e |  4 t l  P 8 E I  5 • 5 ) .  
DATA N E S / e  Y E S e / • N O / t  t /  
D | M E N S | O N  X P ( 1 0 0 2 )  • Y P ( | O 0 2 )  
DATA X O / O •  0 / • 0 X / 2 5 . 0 1  • Y 0 / 1 0  •OF  I O Y / 5  oQ I  
I F ( I P L O T • E O . O )  GO TO 21 
F = O . O  
DO 2 0  K = | • N  
XP( I ) =F  
Y P ( I ) : P ( I )  
F = F +  I • 0 

2 0  C O N T [  NUE 
xP(  N + I  )=XO 
X P ( N + 2 ) : D X  
YP(  N ÷ I  ) =YC 
Y P ( N ~ 2 )  =OY 
C A L L  A X ]  S ( O e O • O • O  • t PO| NT t ! - 5  • 1 4  e O • O e O . X O • D X •  | 0  • 0 )  
C A L L  A X | S ( O • O o O • O • o p t e t  + l O . O t g O o O i Y O e O Y • I O o O )  
C A L L  L / N E { X P • Y P . N • |  • 0 • 1 )  
C A L L  S Y M B O L ( O e O • S e O • O o I 5 , t S T E P  o • 0 • 0 • 5 )  
C A L L  NUMBER(g99eO+999oO•OeIS•FLOAT(IT)oO•O•-I) 
C A L L  C A L C M P ( O • O  • 0 . 0  i 0 1 2 )  

2 ;  CONT | NUE 
I F ( [ T I I o E Q • O )  GO" TO 2 2  
W R I T E ( I I ) Z E I N e [ B e N B o N B O e ( X ( J )  t Y ( J )  • P ( J ) • R H O ( J ) • O ( J ) I  

~ T H E T A ( J )  • P S | ( J ) + P T C ( J )  • J = !  t N )  
2 2  CONT | NU~ 

I F ( | T I 2 e E Q • O )  GO TO 2 4  
W R I T E ( 1 2 )  Z E • N • I B e N B o N B O  
0 0  2 3  J = l  • I B  
K : N B O  ( J )  
IIIRI T E ( 1 2 )  X( K)  • Y ( K )  • P ( K )  t R H O ( K ) • Q ( K ) . T H E T A ( K ) • P s I r ( K )  

2 3  C O N T I N U E  
2 4  CONT 1NUF_ 

I F ( J P T • E Q e l )  GO TO 2 5  
IF((ITeEOeJMAX)eORe(ZEeEQ•ZMAX|) GO TO 2 5  
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I F ( N O D ( I T e J P T ) e N E . 0 )  
2 5  C O N T I  NUE 

L : I  
DO 2 8  J : l , N o 5 0  
N 2 = J + 4 9  
I F ( N 2 o G T e N )  N2=N 
tlR ETE ( 1511 )HEAO eZE t i T  
DO 2 7  K = J o N 2  

2 6  

RETURN 

S N = Q ( K ) / S O R T ( G ~ P ( K ) / R H O ( K )  ) 
[ N=ND 
I F ( N B ( L ) . N E . K )  GO TC 2(5 
1 N=NE S 
L = L +  1 
C O N T I N U E  
W R I T E ( 6 t 2 ) K , X ( K )  I Y ( K ) . P ( K ) g R H O ( K )  I Q ( K ) , T H E T A ( K | I  

S P S [ ( K )  i S M t i  N 
2 7  C O N T I N U E  
2 8  C O N T I N U E  

f IR[  TE(  6 o 3 ) H E A D e Z E , I  T 
DO 2 9  J = t t l B  

• K = N B O ( J )  
SM-----Q(K | / S O R T  ( G ~ P ( K | / R H 0 ( K )  | 
t I R | T E ( 6 o ~ ) K o X ( K )  o Y ( K )  o P ( K ) e R H 0 ( K )  I Q ( K | g T H E T A ( K ) o  

• P S I ' ( K )  tSN  
2 9  C O N T I N U E  

RE TURN 
E ND 
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S U B R O U T [ N E  S I M Q ( A g R t M o N )  
I M P L . | C I T  R E A L • B ( A - - H t O " Z )  
D I M E N S I O N  A ( | ) , R ( I )  
DATA E P S / l e  D ' - 5 /  

111  F O R M A T ( 1 0  S | N G U L A R  M A T R I X  
I F ( M ) 2 3 , 2 3 , 1  

C SEARCH FOR GREATEST ELEMENT 
1 I E R = 0  

P i  V = 0 ,  00  
MM=M~M 
NM=N ~M 
0 0  3 L = I  ,MM 
T S = D A B S ( A ( L )  ) 
[ F (  T B - P I V ) 3  t 3 , 2  

2 P l  V : T B  
; : L  

3 C O N T I N U E  
T O L = E P  Sq'PI V 

C A ( l r )  I S  P I V O T  E L E M E N T .  P | V  
C START E L I M I N A T I O N  LOOP 

L S T = I  
DO 17 K = |  ,M 

C TEST ON S Z N G U L A R | T Y  
I F ( P | V ) 2 3 9 2 3 e 4  

4 I F ( I E R ) ? , S t T  
5 I F ( P I  V - T O L )  6 , 6 , 7  
6 I E R = K -  1 
T P I  V [ = l e D 0 / A ( I )  

J : (  X - 1  | / M  
[ = | -  J # M - K  
J = J ÷  | - K  

C I,I-K. [ S  R O W - I N D E X I  J4-K 
C P ' I V O T  ROll  R E D U C T I O N  AND 

0 0  8 L = K , N M e M  
L L = L  • [ 
T B = P [  V I  ~R ( L L )  
R ( L L ) = R ( L )  

8 R ( L )  : T B  
C I S  E L I M I N A T I O N  T E R M I N A T E D  

I F ( K - M ) 9 , 1 8 , 1 8  
C COL'UMN [ N T E R C H A N G E  I N  M A T R I X  

g LE NO =I_STt" M-K  
I F (  J ) t 2 , 1 2 e l  0 

10  | I : J ~ M  
DO 11 L = L S T , L E N D  
TB=A ( L ) 
L L : L 4 .  [ I " 
A ( L ) = A ( L L )  

11 A ( L L ) = T B  
C ROM I N T E R C H A N G E  AND P I V O T  ROW 

AEDC-T R-78-68 

I N  S | M Q  e ) 

i N  M A T R | X  A 

C O N T A I N S  / A ( l | / e  

C O L U M N - I N D E X  OF P I V O T  
ROW [ N T E R C H A N G E  | N  R ,  

A 

I : I E M E N T  

R E O U C T X O N  I N  M A T R I X  A 
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12  DO 13  L : L S T , M M t N  
L L : L ~ I  
T B = P I  VI  *A  I L L )  
A ( L L } = A ( L |  

1 3  A ( L ) - - T B  
C SAVE COLUMN I N T E R C H A N G E  I N F O R M A T I O N  

A ( L S T | = J  
C ELEMENT R E O U C T I Q N  ANO NEXT P I V O T  SEARCH 

P l  V = O ,  O0 
L S T : L S T ÷  1 
J=O 
DO 16  | I = L S T t L E W I )  
P I V I = - A ( | I  ) 
I S T = I  f ÷M 
J = J t .  1 
DO 15  L = | S T w M M I N  
L L = L -  J 
A ( L ) = A  ( L |  4"Pl V |  * A ( L L )  
TB=OAB S( A ( L )  ) 
I F (  T B - P I  V)  1 5 , 1 5 t 1 4  

I 4 P l  V--TB 
[ = L  

15  C O N T I N U E  
O0 1 6  L = K ~ N M t M  
L L = L ÷  J 

1 6  R ( L L )  = R ( L L )  4"PI V I  *R ( L )  
1 7  L ST=L  ST4" M 

C END OF E L I  ME I~iATI I:N LOOP 
C BACK S U B S T I T U T I O N  AND BACK I N T E R C H A N G E  

1 8  I F ( M - I ) 2 3 , 2 2 1 1  9 
1 9  [ ST:MM~M 

L ST:MI -  1 
DO 21 I : 2 o M  
I I = L S T - I  
! ST--'| S T - L S T  
L = [  S T - M  
L = A ( L I t ' O ,  5DO 
DO 21 J = I I + , I ~ M . M  
TB=R ( J ) 
L L = J  
D'O 20  K = I S T , M M e M  
L L  =LL4" 1 

2 0  T B : T B - - A ( K )  * R ( L L )  
K = J ÷ L  
R ( J ) = R ( K )  

21 R(  K ) : T B  
22  RETURN 

C ERROR RE TURN 
2 3  I E R = -  t 

t lR l  TE (  6 , 1 1 1  ) 
STOP 
END 
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SUEROUT|  NE 
l rMPLZCZT R E A L t S ( A - - H o O , . - Z )  

I F O R M A T ( ° 0  N E G A T I V E  RADICAL.  
GO T O ( 2 1  t 2 2 e 2 3 e 2 4 ) e | T  

21 CONTINUE 
X=C 1 
Y=(  C - A  ~ X ) / B  
RETURN 

22 C O N T I N U E  
Y==C | 
X = (  C - B  ~Y | / A  
RETURN 

23  C O N T I  NUE 
Y = ( A ~ I - C  ~AI  ) / ( A ~ B I - B # A I  ) 
X = (  C - B  # Y ) / A  
RETURN 

24  CONTINUE 
I F (  DAB S ( B )  e G T e D A B S ( A |  ) GO 
D1=1  e O 0 + ( B / A )  ~#2  
D 2 : C / A -  A 1 
D 3 :  ( D 2 ~ 2 4 " B |  • t 2 " -C  1 ) / 0 1  
D 2 = (  B ~ D 2 / A + B |  ) / 0 1  
R A D = D 2 ~ # 2 - - D 3  
I F ( R A D e G E e 0 o D 0 )  GO TO 25  

S O L V B P ( X  • Y o A • B • C • A !  •B1 oC l  • X T I X I • Y | )  

[ N SOLVBP ° | 

TO 2 6  

WR! T E ( 6 o l )  
WRX T I E ( 6 • 2 )  X o Y I A  t B o C I A 1  eBL I C I  • | T  i X |  t Y l  • 0 1 • D 2 1  03  

2 FORMAT(  e0 . X = °  t l P E | 2 e S o S X e ° Y = e e E | 2 e S l 3 X o  ° A= e o E 1 2 , 5 o 5 X o  
" *'B=OlE;2eSeSXl'C=eeE|2e5/2XoeA|:Ot.E12e514XoeB=OtE|2e5o 

• 4Xo  ° C | = e , E 1 2 e S / 2 X l  I |T==e e i 2 o | 4 X o  e X | = e  o E 1 2 1 5 o 4 X l  o y | - - o  • 
t e l 2 •  5 / 2 X •  ° O l - - °  • E |  2 e 5 , 4 X  o ' D 2 - - "  g E 1 2 o 5 • 4 X •  eD3=°  • E 1 2 , , 5 )  

CALL  ERR IICA 
STOP 

2 5  CONT | NUE 
R A O = D S Q R T ( R A O )  
Y=O 24-RAO 
i F ( O A B S ( Y I - - Y )  o GE oOABS(Y I - -O24-RAO)  | Y=D2--RAD 
X=(  C - B  t Y ) / k  
RE TURN 

2 6  C O N T I N U E  
0 1 = 1  eO 0 • ' ( A / B )  ~ # 2  
D 2 = C / B - B |  
O 3 = (  O2#~24~A | # ~ 2 - C  | ) / O 1  
D 2= (  A ~1) 2 / B ~  A.| ) / O  | 
R A D I O 2  t ~ 2 - O 3  
[ F ( R A D e G E e 0 e D 0 |  GO TO 27  \ 
WR.iTE( 6 • 1  ) .. 
W R [ T E ( 6 o 2 ) X I Y I A e B I C • A I  • B I  • C |  • i T • X |  • Y |  oO|  oD2eD3  
CALL  ERRWCA 
STOP 

23' C O N T I N U E  
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R AO:D SORT ( R A O )  
X :O 2#'RAD 
| F  ( O A B S ( X l - X )  ,,GTe OABS(Xt--O241"RAO) ) 
Y : (  C - A  S X ) / B  
RETURN 
END 

X = O 2 - R A D  
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SUBROUT [ NE 
D I M E N S I O N  D N I N |  
I N TEGER~2 N E ( N )  
N1=1 
N2=N 

20  CONTINUE 
DM|  N=ON( Nt  ) 
OMA X=:O N ( N 2 )  
I F ( D M I  NeLEeDMAX)  
O=ON( N |  ) 
D N ( N 1 ) = O N ( N 2 )  
ON( N2 ) -'-O 
M=NE ( N |  ) 
N ~ ( N I  ) - - N E ( N 2  | 
NE( N 2 )  -.-M 

GO TO 20 
21 CON'I I NUE 

N I = N I ~ I  
N2=N2--  1 
I F ( N I o G T e N 2 )  GO 
OO 23  I = N I t N 2  
I F ( D N (  I ) e G E , D M I N )  
D N | N | - I ) = D N ( [ )  . 
ON( I )=OM!  N 
DMI N=DN|  N I - I  ) 
M=NE ( ! 
NE( I ) = N E (  N I - I  ) 
NE( N I - - I ) : M  
GO 10 23 

22  CONTINUE 
I F ( D N ( 1 ) e L E I O M A X )  
O N ( N 2 +  1 | = O N ( I )  
ON( I |----DI4A X 
DMA X:=O N( N24.|  ) 
M=NE ( [ ) 
NE( I ) = N E ( N 2 + I )  
NE( N2~-I ) =M 

23  CONTINUE 
GO TO 20 ?. 

24, C O N T I N U E  
RETURN 
END 

S O R T ( O N e N E t N )  

GO TO 21 

TO 24 

GO TO 22  

GO TO 23  
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S U B R O U T I N E  THREEO 
C O M N O N / V A L U E / Z E  e X ( l O 0 0 1  o Y ( 1 0 0 0 )  t P (  | 0 0 0  ) o R H O ( 1 0 0 0 )  t 

• Q( | 0 0 0 )  • T H E T A ( |  0 0 0 )  • P S i  ( 1 0 0 0 )  oN 
COMMON / G A S / G e R O e G M 1  o G M I H t G M I G I G G M I o G P | g G P G M  
C O M M O N / N V A L U / D Z e X N ( I O 0 0 )  t Y N ( I O O O | g P N ( 1 0 0 0 ) o R N ( | O O O I t  

• Q N ( 1 0 0 0 )  e T N ( I O 0 0 |  t P S N ( I O 0 0 )  
COMMON / B C U T I X B ( 5 0 |  o Y B ( 5 0 1  
COMMON / O C U T / X B O ( 5 O I q Y B O ( 5 0 I  
COMMON I S T A G / P T O ( I O 0 0 )  o T T O g A T Q T t Z O e Z M A X t N B ( 2 0 0 ) t  

t N B O ( 2 0 0 )  ~ J M A X o J P T  ~ I B  
I N T E G E R # 2  NBoNRO 
R E A L # 8  ZOtOGtORCoOGM|tOGMIHtOGNIGgDGGM|oOGPItDGPGN 
COMMON /OGAS/ZDtDG~DROtDGMItDGM|HtDGM1GoDGGMIoDGP|t 

:lid GPG M 
R E A L ~ 8  PTOOoTTOOoATOD 
C OMMt3N / 0  S T A G / P T O D  ( 1 0 0 0  ) • T T O 0  • AT OD 
DO t 9  I = I • N  
P T O 0 (  I ) = P T C (  I[ I 

19  CONTINUE. 
T T • D = T T f l  
A T CO-=A TOT 
rJG:=G 
ORO=RO 
t')G• I = D G -  1 •DO 
OGMIH=Oe 5 0 0 ~ D G N |  
OG M 1G=OG M 1 / D G  
O G G N | - - |  , O 0 / D G M I  G 
OGP I=OG4P l cO0 
DGPG N=DGP 1 /OG M | 
C A L L  C U T ( Z O )  
Z E : Z O  
DO 20  l = l t 5 0  
XBO( ![ ) = X B l I  I 
Y 8 0 (  [ ) = Y B ( [  ) 

2 0  C O N T I N U E  
DO 2 6  J = l  e JMAX 
C A L L  O U T P U T ( J - - I )  
C A L L  O I S T ( O S )  
D Z =  O . 5 ~ q ) S  
I F (  ( Z E + D Z )  e LEe ZMAX)  
I F  | Z E e G E e Z M A X )  
DZ = Z  NA X -  ZE 

21 C O N T ! N U E  
ZO=OZ 
C A L L  C U T ( Z E + O Z )  
K = !  
0 0  2 3  I : l g N  
C A L L  F I T ( | )  
[ F ( N B ( K ) e E Q o I )  
C A L L  F I E L O ( [ )  

GO TO 21 
RETURN 

GO TO 2 2  
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GO TO 23 
2 2  C O N T I N U E  

C A L L  B C D Y ( I )  
K=KI .  | 

:)3 C O N T I N U E  
Z E = Z E + O Z  
DO 2 4  l = I o N  
X I I I : X N I I )  
Y ( I ) : Y N ( [ )  
P I I  ) = P N ( I  | 
Ril l 'J( I ) = R N (  i ) 
Q ( I ) : O N ( I )  
THI= TA(  I ) = T N (  [ ) 
P S I (  I ) = P S N (  I ) 

2A C O N T I N U E  
DO 2 5  | : 1 1 5 0  
XBO( I ) = X B (  [ )" 
YBO( i ) : Y B (  I ) 

2 5  CONT.! NUE 
2 6  C O N T I N U E  

C A L L  O U T P U T ( J N A X )  
RE[ TURN 
END 
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A P P E N D I X  B 
E X A M P L E  P R O B E L M  

THE SAMPLE PROBLEM IS FOR M = 4.1AXISYMMETRIC NOZZLE WITH GAMMA 
= 1.2. THE NOZZLE AXIS IS ALIGNED WITH THE z AXIS. THERE ARE 48 STATIONS 
FOR THE BODY GEOMETRY. THE STARTING PLANE INPUT HAS ONE RAY WITH 11 
POINTS. THE COMPLETE STARTING PLANE IS GENERATED PROM THESE 11 POINTS TO 

A TOTAL OF 346 NEARLY EQUALLY SPACED POINTS. 

POINTS IS SHOWN BELOW. 
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| .NPUT ¢AIIOS 

•••••••••••••1••••122222222223333333333444444444455•5•••55•66••6666667••7••?•7•• 
~234~6~R9~456~12~456~234~6~9~123456y~9~23456~8~1234~6~9~2345~90 

NACH 4 NOZZLE ( G 8 1 . 2 4 1  
0 

4 8  
3 6  3 0 0 2 0 5  

1 0 0 1 3 3 2  0 . 0  
3 6  5 0 o 2 5  

! . 0 2 2 9 9  0 . 0  
3 6  3 0 0 3 0  

1 . 0 3 3 4 4  0 0 0  
3 6  . 3 0 . 3 5  

1 0 0 4 5 0 4  0 . 0  
3 6  3 0 0 4 0  

1 0 0 6 0 0 1  0 . 0  
3 6  3 0 0 4 5  

1 . 0 7 7 1 0  0 o 0  
3 6  3 0 . 5 0  

1°040561 000  
3 6  3 0 e E S  

l e 1 1 5 8 ~  0 . 0  
36 3 0 0 6 0  

1 0 1 3 7 6 2  0 0 0  
3 6  3 0 0 6 5  

l o . 1 6 0 5 8  0 ° 0  
36  3 0 . 7 0  

1 0 1 0 4 4 2  0 0 0  
)"* 3 6  3 0 * 8 0  

I * 2 3 3 5 5  OeO 
3 6  3 0 0 9 0  

1 . 2 0 3 1 5  0 0 0  
3 6  3 1 . 0 0  

1 . 3 3 2 7 3  0 0 0  
36 3 1 . 1 0  

1 0 3 8 2 2 6  . 000  
3 6  3 1 . 2 0  

1 . 4 3 1 7 1  0 . 0  
3 6  3 1 0 3 0  

1 . 4 8 1 0 5  0 0 0  
3 6  3 1 0 4 0  

1 0 5 3 0 2 0  0 . 0  
3 6  3 1 . 5 0  

1 0 5 7 9 3 6  0 . 0  
3 6  3 l o 6 0  

1 . 6 2 0 3 1  0 . 0  
3 6  3 ! 0 7 0  

1 . 6 7 7 1 1  0 0 0  
36 3 1 . 8 0  

1 0 7 2 0 7 4  0 . 0  
3 6  3 1 * 9 3 2 0 0  

! * ~ 8 9 9 0  000  
36 3 2 . 0 0 3 7 8  

~~1~1~1~22222222223333333323444~4~444~5~55~55~56~666777~?~ 
12~4~6~2~45~78~234~6~123456T8~1234~6789~234567~2345~?~234~9~ 

m 
o 

at 
-n 

& 



-...1 

INPUT CAROS 

~~11111~1112222222222~33333333344444444445~555~66666666667~?77~7~78 
1234~b76~12345678~123456?5~12345~123456?8~1234~6?8~345678Q~1234~6?89~ 

1 . 8 6 7 1 1  0 0 0  
3 6  3 2 . 2 8 2 4 4  

1 0 9 5 5 7 6  0 . 0  
3 6  3 2 . ~ 0 0 6 0  

2 0 0 S $ 6 2  0 . 0  
36 3 2 . 7 5 1 6 7  

2 0 1 6 6 9 7  0 * 0  
36 3 3 . 0 4 0 1 6  

2 * 2 9 0 2 6  0 , 0  
3 6  3 3 . 3 7 1 3 1  

2 * 4 2 ~ 7 6  O*O 
3e 3 3 . 7 5 t 3 8  

2 0 5 7 3 6 ~  0 . 0  
36 3 4 o 1 8 7 9 4  

2 e 7 3 3 8 4  OeO 
36 3 4 0 6 8 9 ? 6  

2 * 9 0 6 0 7  0 * 0  
36 3 5 , 2 6 T 0 1  

$ * 0 8 9 6 5  0 * 0  
36  3 5 . 9 3 2 0 ~  

3 ~ 2 8 3 5 1  0 . 0  
3 6  3 6 , 6 9 7 7 E  

3048SQ9 0 0 0  
36 3 7 , 5 7 9 . ~ 0  

3 . 6 9 3 4 8  0 . 0  
'36 3 8 . 5 9 1 3 5  

3 . 9 2 2 9 |  O*O 
3 6  3 q . 7 4 7 3 7  

4 . 1 0 8 2 6  0 . 0  
3 6  3 1 h 0 5 6 7  

4 e 3 0 S O |  0 . 0  
3 6  3 1 2 . S 1 9 2  

4 . 4 8 4 1 4  0 0 0  
3 6  3 I 4 . t 1 9 6  

4 * 6 3 9 1 2  0 , 0  
3 6  3 1 5 * 8 2 0 2  

4 . 7 6 4 | 3  0 . 0  
36 3 1 7 * S S 6 2  

4 e 8 5 6 1 0  OeO 
36  3 1 9 , 2 3 6 9  

4 . 9 | 6 3 4  0 * 0  
3 6  3 2 0 . 7 6 0 0  

4 * 9 5 0 4 3  0 * 0  
36 3 2 ~ . 0 3 S 0  

4 , 9 6 6 4 T  0 0 0  
3 6  3 ~ 3 . 0 0 Q 5  

4 * 9 7 2 3 8  0 * 0  
36 3 2 4 . 0  

4 . 9 ? 4 | 6  0 . 0 .  
1 0 2 4  ! 0 0 * 0  1 0 0 * 0  1 7 1 6 . 0  

~~1~|||~222~222222~3~333~3~34444444444~s~5~6666666666~?~?~?8 
1234~67~12~45~8~123~$~?89~234s6?BcJ~123~6?8~23456?~9~1234~6?89~12~4~?~9~ 

m 
C2 

"n 

Go 
& 
O0 



INPUT CARDS 

~Q~0~111111|11~2222222222333333~3334444444464~5~S5~5S6666~66666?77yyT77T78 
123456789~2345678g~123456?89~12345678Q~1234~678g~234~6y89~1234~6T8g~1234s67~9~ 

0 0 ~ ) 5  2 4 0 0  0 I ! |  3 6  ! 0 0  ! 0 0  
OeO @eO 5 5 . 0 3 5  l e 0 1 0 5  0 . 0  0 o 0  OeO 0 
0 . 1 0 1 5 3  0 . 0  5 4 . 8 a T  1 . 0 1 2 9 1  0 0 2 2 4 6 6  0 . 0  0 o 0  0 
00~:q1306 0 . 0  5 4 . 4 3 9  1 . 0 2 0 2 2  0 o 4 7 ~ 4 4  9 0 0  0 . 0  O" 
0 0 3 0 4 6 0  OeO 5 3 0 6 7 6  l e 0 3 2 7 1  0 o ? ? 9 8 1  OeO OoO 0 
0 . 4 0 6 1 3  0 o 0  5 2 e 5 7 1  1 o 0 5 0 9 1  l e 1 6 8 9 T  OeO 0 , 0  0 
0 e U 0 7 6 6  0 . 0  3 1 0 0 7 9  1 . 0 7 6 7 1  1 . 6 8 1 5 8  0 . 0  D,O 0 
0 . 6 0 9 1 9  0 . 0  4 9 . 1 2 7  1 . 1 0 B S 9  2 . 3 6 9 . q 9  0 9 0  0 . 0  0 
O o ? l O T 2  0 . 0  4 6 . 6 1 3  1 . 1 5 | 8 3  3 0 3 0 3 7 5  0 0 0  0 - 0  0 
0 . 8 1 8 8 6  0 . 0  4 3 . 3 8 6  1 0 2 6 9 0 5  4 . 5 8 1 3 4  OeO 0 . 9  0 
0 e 9 1 3 7 9  0 . 0  3 9 . 2 4 6  1 . 2 8 6 0 0  6 0 3 2 6 6 8  0 0 0  OeO 0 
1 . 0 1 5 3 2  0 . 0  3 3 . 9 6 3  1 . 3 9 2 0 3  6 . 6 7 6 1 6  0 . 0  0 0 0  | 

~t111111111222222222233333333334444444444~6~55~6$666666666677~7~???77~ 
123466789~1234~67~9~1234~6T89~1~34~6?~9~1234~6T~1~34~6T89~1234~6?~9~234$6~89~ 

-..i  

Ill 
0 
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~O 

Co 
& 
Co 



GJUINA : 1 . 2 4 0  

Z O :  2 * 0 5 0 0 0 [ - 0 1  

RACM 4 NOZZLE ( G S l o 2 t )  

STARTING PLAN1[ INPUT 

PTO : l * O 0 0 0 0 E  02 

ZMAX= "2eAOOOOE 01  

y P 

TTO m | e O O O O O E  0 2  R m l e T | 6 0 0 E  0 3  

[ T Y P E ~  0 [NVw I NPTS~ I I  
| P L O T :  O | T i t  m 0 ET12k 0 

Q THI[TA 

NRAYSR 36 
| N E E G H :  0 

P S l  

JNAXm 

PTO 

1 O0 J p T I  t O 0  

m 
0 
0 

? 
o'l 
w 



--4 

NEe 

! 

2 
3 
4 
5 
6 
? 

E 
9 

10 
11 
12 
13  
16 
15 
16 
I ?  
t 8  
19  
20  
21 
2 2  
2 3  
2 4  
2 5  
2 6  
2 7  
2 8  
29  
3O 
31 
32  
33  
34  
35  
3 6  
37  
3 8  
39  
4 0  
41 
42 
4 3  
4 6  
6 5  
46  
4 7  
4 8  
4O 
SO 

0 , 0  
| , 0 1 5 3 0 2 - 0 1  
5 0 0 7 6 5 1 2 - ~ 2  

- 5 * 0 7 6 4 8 2 - 0 2  
- I . 0 1 S 3 O E - 0 I  
- 5 0 0 7 6 5 | E - 0 2  

5 e 0 7 6 4 8 2 - 0 2  
2 * 0 3 0 6 0 2 - 0 1  
| . 7 5 8 5 5 E - 0 |  
t * 0 1 5 3 0 E - 0 1  
2ee7403E-07  

- ! . 0 1 5 3 0 E - 0 |  
- t e P 5 8 5 5 E - - O I  
- 2 . 0 3 0 6 0 2 - 0 1  
- 1 . 7 5 8 5 5 2 - 0 1  
- 1 0 0 1 5 3 0 2 - 0 1  
- 3 * 8 4 9 1 6 2 - 0 7  

1 0 0 1 5 3 0 2 - 0 1  
1 . 7 5 8 5 5 E - O t  
3 * 0 4 6 0 0 2 - 0 1  
2 * 8 8 0 9 6 E - 0 |  
2 . 4 0 3 7 2 2 - 0 1  
I * 6 6 6 0 1 2 - 0 1  
7 0 4 7 7 5 4 2 - 0 2  

- 2 0 5 1 5 3 1 2 - 0 2  
- t . 2 2 3 5 6 E - 0 |  
- 2 * 0 2 2 9 9 2 - 0 1  
- 2 , 6 7 8 8 7 E - 0 1  
- 3 * 0 0 4 4 5 2 - 0 1  
- 3 , 0 0 4 4 6 2 - 0 1  
- 2 * 6 7 8 8 8 E - 0 1  
- 2 * 0 6 3 0 1 2 - 0 1  
- ! * 2 2 3 5 8 2 ~ 0 |  
- 2 . S 1 5 5 5 E - ~ 2  

7 e 4 7 7 2 5 2 - 0 2  
1 . 6 6 ~ 9 9 2 - 0 1  
2 * 4 ~ 3 7 t E - 0 1  
2eEEO95E--O| 
4o061302 -01  
Z0933712 -01  
~ e 5 5 8 9 4 E - 0 |  
2e9~0~6E-01 
2e17615E-01  
1 * 2 5 5 0 2 2 - 0 1  
~e550162 -02  

- ? e 6 1 0 0 6 E - 0 2  
- 1 , ~ 2 9 2 1 2 - 0 1  
- 2 0 5 8 8 7 7 E - 0 1  
- 3 . 2 8 5 6 6 E - 0 1  
- 3 . 7 7 6 | 0 E - 0 1  

MACH 4 NOZZle ( G : i . 2 4 )  

ZE ~ 2*OSSO0~-O! 

P 

0 . 0  
0o0  
8 * 7 9 2 7 4 2 - 0 2  
80792?62--02 
1 * 6 0 6 7 9 2 - 0 7  

- 8 . 7 9 2 7 4 E - 0 2  
- 8 0 F 9 2 7 6 2 - 0 2  

9o0 
I , + 1 5 3 0 E - O I  
1 ,PSBSSE--OI  
2 * 0 3 0 6 0 [ - 0 1  
I * ? E E S S E - 0 |  
1 , 0 1 5 3 0 ~ - 0 1  
3 * 2 1 | 5 9 2 - 0 7  

- h 0 1 S 3 0 E - 0 1  
- | e 7 5 8 S 5 2 - 0 1  
- 2 * 0 3 0 6 0 2 - 0 1  
- l e 7 5 8 5 5 2 - 0 1  
- ! * 0 1 5 3 0 E - 0 1  

0sO 
90890331[-02 
| .  8 7 0 8 9 2 - 0 1  
2 . ~ S O O I E - O !  
2 . 9 5 2 7 9 2 - 0 1  
3 , O E S 6 0 E - O |  

' 2 * 7 8 9 4 ~ - 0 1  
2 . 2 4 1 0 2 2 - 0 !  
1.44974E--01 
5 . 0 1 3 6 6 E - 0 2  

-5001~4SE-02  
- 1 0 4 4 9 7 2 2 - 0 t  
- 2 * 2 4 1 0 | E - 0 1  
- 2 * 7 9 9 4 4 2 - 0 1  
- 3 . 0 3 5 5 9 E - 0 |  
- 2 e 9 5 2 8 0 2 - O |  
- 2 * 5 5 0 0 2 2 - 0 1  
- I , 8 7 0 9 1 2 - 0 1  
- 9 * 8 9 0 6 0 2 - 0 2  

O.O 
h 0 1 0 0 0 E - 0 1  
1 ,95654E-01  
2 , 7 8 0 1 5 2 - 0 !  
3 , 4 2 9 0 7 2 - 0 |  
3 .8e252~ -01  
4*053292-01  
3 .989~(~- -01  
3 .67478E-01  
~ e 1 2 9 2 g E - 0 |  
2 , 3 8 7 1 8 ~ - 0 t  
1 * 4 g 5 0 7 E - 0 1  

5*503502  01 
Eo4E8?OE El 
S*462702 91 
5*488702  O! 
5.608701[ El 
5 .488702  91 
Eo4BETOE El  
5*443902  Ol 

. 5 *443902  01 
5*443902  01 
5*44390E El 
5 . 4 4 3 9 0 2  01 
5 .443902  OI 
3 .44390E 01 
E e 4 4 3 9 9 2  01 
5e443902 01 
5 e 4 4 3 9 0 2  01 
5 . 4 4 3 9 0 ~  01 
5 e 4 4 3 9 0 2  01 
5 0 3 6 7 6 0 2  01 
5 , 3 6 7 6 0 2  01  
5*367602  01 
3*367602  0 l  
5 ,367602  ~l  
5 367602 91 
5 , 3 6 7 6 0 2  9 |  
E , E e 7 6 0 E  0 l  
~ 0 3 6 7 6 0 2  01 
5036760~ El  
5 . 3 ~ 7 6 0 [  01 
5 e ~ 6 7 6 0 2  01 
5 0 3 6 7 6 0 [  Ol 
5 . 3 6 7 6 0 2  01 
S.36760E 9 |  
5.3~760F~. 01 
5036760E O| 
S , 3 6 7 6 0 2  O! 
5 , 3 6 7 6 0 2  01 
5.257101[ 0 |  
S,25710E 01 
5 * 2 6 7 | 0 E  01 
5 0 2 ~ 7 1 0 5  01 
5 . 2 5 7 1 0 2  91 
5 .25710E Ol 
5 *257102  01 
5 0 2 ~ 1 0 2  01 
5 * 2 5 7 | 0 ~  Ol 
5 * 2 5 7 1 0 2  Oi 
5 . 2 5 7 1 0 2  9 |  
S , E E 7 1 0 E  01 

STEP NO. 0 

RHO Q 

3 . 6 0 0 1 5 E - 0 4  
3e59~342-04  
3 * 5 9 2 3 4 2 - 0 4  
3*59234E~04 
3 .592342- -04  
3 0 5 9 2 3 4 2 - 0 4  
3.59234E--04 
3 e 5 6 8 6 7 2 - 0 4  
3 e 5 6 8 6 ~ E - 0 4  
3 e 5 6 8 6 7 2 - 0 4  
3 e S & 8 6 7 E ' - 0 4  

" 3 *568672 -04  
3 0 ~ 6 8 6 7 2 - 0 ~  
3 .S686?E-04  
3 * S 6 2 6 7 2 - 0 4  
3eSSES?E-O4 
3 * E E M ? E - 0 4  
3 * 5 6 8 6 7 ~ 0 4  
3 .$68672- -04  
30528282 -04  
3e52828E-04  
3 * 5 2 8 2 8 2 - 0 4  
3 . 5 2 8 2 8 2 - 0 4  
3*528282'* '04 
3 . 5 2 8 2 8 2 - 0 4  
3 . S 2 8 2 2 2 - 0 4  
3 0 ~ 2 2 8 2 - 0 4  
3eSEEEEE-04 
3*SEEEEE-04 
3 0 5 2 8 2 2 2 - 0 4  
30528282-04  
3 , 5 2 8 2 8 ~ - 0 4  
3 * S 2 8 2 8 2 - 0 4  
3 e 5 2 8 2 8 E - 0 4  
3 e S 2 8 2 8 2 " . ' 0 4  
3 0 5 ~ 8 ~ 8 2 - 0 4  
3 e 5 2 8 2 8 2 - 0 4  
3 e 5 2 8 2 8 E - 0 4  
3.469592- -04  
3 * 4 6 9 5 9 2 - 0 4  
3*469592--04 
3 . 4 6 9 5 9 ~ - 0 ~  
3*469592--04 
3 * 4 6 9 5 9 2 - 0 4  
3 u 4 6 q s g E - 0 4  
30469S9E-04 
30469S92-04  
3e469S92-04  
3 * 4 6 9 5 9 2 - 0 4  
30469592 -04  

4e39952E 02 
4 , 4 0 8 8 7 2  02 
4e40887E 02 
4 .4088Y2  O~ 
4040887E 02 
4e~08872 OZ 
4*40887~ 02 
4043717E O|  
4 *437 |PE  02 
4 e 4 3 7 1 ? E  OE. 
4 * 4 3 F | F E  02 
4 * 4 3 7 | 7 E  0 2  
4e43717E 02 
4*437172  02 
4 * 4 3 7 | ? E  02 
4 *437172  02 
4043717E 02 
4e43? lTE  OE 
40437172 02 
4 . 4 8 5 3 6 2  O~ 
4 . 4 8 5 3 6 2  02 
4048536E OE 
4 , 4 8 5 3 6 2  02 
4 0 4 8 5 3 6 2  0 2  
4e485362 02 
4.485361[ 02 
4 e 4 8 5 3 6 2  02  
4*405362  02 
4 *485362  02 
4+485362 02 
4*48536~  0 2  
4 e 4 8 5 3 6 E  0 2  
4 e 4 8 2 3 6 2  0~ 
40485362 02 
4 .48536E  OE 
4 .48S362  02 
6*48536E 02 
4 *485362  02 
4*EESZEE'OE 
4 . 5 5 5 2 3 2  02 
4.SSS23E 02 
4055S232 0 2  
4e555232 02 
4e555232 02 
4.555231[ OE 
4*ESE23E 02 
4 .55523E  02 
4 .55523E  02 
4 .55523E  0 2  
4*55523E OE 

THETA 

O.O 
5 . 9 2 1 0 S E - 0 3  
1 . 9 6 0 S 3 E - 0 3  

- I . 9 6 0 S 2 E - 0 3  
- 3 . 9 2 | 2 5 e - 0 3  
- 1 . 9 6 0 5 3 E - 0 3  

I . 9 6 0 5 2 2 - 0 3  
8 . 2 9 7 9 8 E - 0 3  
? e 1 8 6 2 3 2 - 0 3  
4 * 1 4 8 9 6 E - 0 3  
I . O S I 8 5 E - 0 0  

- 4 + i + 8 9 4 E - 0 3  
- ? * ! 8 6 2 3 E - - 0 3  
- 8 e 2 9 7 9 8 2 - 0 3  
- 7 e 1 8 6 2 4 2 - 0 3  
- 4 * 1 4 8 9 6 2 0 0 3  
- 1 . S ? 2 9 3 2 - 0 8  

4 * ! 4 8 9 3 2 - 0 3  
7 . 1 8 6 2 3 E - 0 3  
1 . 3 6 | 0 2 2 - 0 2  
1 ~ 2 8 7 2 8 E - 0 2  
! * 0 7 4 0 3 E - 0 2  
7044394E-03  
3 e 3 4 1 0 4 2 - 0 3  

- ! * ! 2 3 8 7 2 - - 0 3  
- 5 * 4 6 6 9 9 E - 0 3  
- 9 . 2 1 7 ? 1 2 - 0 3  
- I . 1 9 6 9 7 2 - 0 2  
- l e 3 4 2 4 6 2 0 0 2  
- 1 . 3 4 2 4 6 2 - 0 2  
- l e 1 9 6 9 8 2 - 0 2 "  
- 9 . 2 1 ? 8 4 2 - 0 3  
- 5 . 4 6 7 0 8 2 - 0 3  
- I , 1 2 3 9 7 2 - 0 3  

3034091E-03  
? e 4 4 3 8 6 2 - 0 3  
t . 0 7 4 0 2 2 - - 0 2  
1 * 2 8 ? 2 7 2 - 0 2  
2e04024E-02  
! * 9 7 6 1 3 2 - 0 ~  
I 0 7 8 7 8 4 2 - 0 2  
| e 4 8 7 2 2 2 - 0 2  
l e 0 9 3 1 6 E - 0 2  
6 . 3 0 4 3 0 8 - 0 3  
1 0 2 8 1 0 1 2 - 0 3  

- 3 * 8 2 2 7 4 2 0 0 3  
- 8 * 6 8 6 3 0 2 - 0 3  
- l o E O 0 4 t f - 0 2  
- l e 6 5 0 5 4 2 - 0 2  
- - ! * 8 9 6 9 4 2 - 0 2  

P S I  

000 
O.O 
3 . 3 9 5 7 3 2 - 0 3  
3 , 3 9 6 7 4 2 - 0 3  
6 * E O | S ~ - 0 9  

- 3 . 3 9 2 7 3 2 - 0 3  
- 3 0 3 9 E T 4 E - 0 3  

0 * 0  
4 . 1 4 9 0 5 2 - 0 3  
7 e 1 8 6 2 9 2 ~ 0 3  
8 e z g ? S E E - 0 3  
7 * l M 3 0 E * O 3  
4 , 1 4 9 0 ? F - 0 3  
1 . 3 1 2 4 4 E - 0 0  

- 4 . 1 4 9 0 5 2 - 0 3  
- 7 * 1 8 2 2 9 ~ - 0 3  
- 8 0 2 9 7 9 8 2 - 0 3  
- 7 * I M 3 O E - O 3  
- - 4 , 1 4 9 0 7 2 - - 0 3  

0 0 0  
4 .419471 [ -03  
8 e 3 5 ~ 8 9 ~ - - 0 3  
1 0 1 3 9 ) 4 2 2 - 0 2  
1 * 3 1 9 3 8 E - 0 2  
1 , 3 5 6 3 2 ~ - - 0 8  
1 * 2 4 8 4 0 2 - 0 2  
I * 0 0 1 3 7 E - 0 2  
6 .478102 - -03  
2 0 2 4 0 3 ~ - 0 3  

- 2 e 2 4 0 2 6 2 - 0 3  
- 6 * 4 7 8 0 1 2 - 0 3  
- 1 0 0 0 1 3 6 2 - 0 2  
- 1 . 2 6 6 4 0 E - 0 2  
- 1 . 3 5 6 3 ? E - 0 2  
- I . 3 1 9 3 8 E - 0 1  
- ! . 1 3 9 4 3 2 - 0 2  
- 8 * 3 5 9 9 1 8 [ - 0 3  
- 4 . 4 1 9 6 0 E - 0 3  

O.O 
5007421E-03  
9.82S951[--03 
! , 3 ~ 6 7 4 2 - 0 2  
l e 7 2 2 7 0 2 - 0 2  
1094040~-02  
2e03621E-02  
2 * 0 0 4 | 1 2 - 0 2  
1 0 8 4 2 1 1 2 - 0 2  
l e 5 ? 2 1 2 E - - O l  
! 0 1 9 9 3 3 ~ - - 0 2  
F e 5 1 1 8 4 2 - 0 3  

I . O I O S O E  O0 
I . 0 1 2 9 1 ~  O~ 
l . O I 2 9 1 E  O0 
I . 0 | 2 9 1 E  O0 
1 . 0 1 2 9 1 E  O0 
1 . 0 1 2 9 1 E  O0 
I e O I 2 9 1 E  O0 
1.0E022E 0O 
I * 0 2 0 2 2 E  O0 
l * O 1 0 2 2 E  OO 
1*02022E OO 
|eOEOZ~E O0 
1 . 0 2 0 2 2 E  O0 
1 . 0 2 0 2 2 E  O0 
I . 0 2 0 2 2 E  O0 
l * 0 2 0 2 t E  O0 
l e O E O 2 2 E  O0 
I * 0 2 0 2 2 E  00 
| , 0 2 0 2 2 2  OO 
1 . 0 3 2 T I E  O0 
1 , 0 3 2 7 | E  0O 
l e O 3 2 ? I E  O0 
1 . 0 3 2 7 | E  OO 
1 , 0 3 2 7 1 2  O0 
I e O 3 2 7 | E  O0 
1 0 0 3 ~ ? 1 E  O0 
!o03271E 00  
l e 0 3 2 7 | E  O0 
I . 0 3 2 ; I E  O0 
1 , 0 3 2 7 1 2  ~0 
1 , 0 3 2 7 1 2  0 0  
t , 0 3 2 7 1 E  00  
! 0 0 3 2 ? ! E  00  
t * 0 3 2 7 1 E  0 0  
1 . 0 3 2 n E  O0 
1 * 0 3 2 7 1 2  00  
1 o 0 3 2 7 1 E  0 0  
1 , 0 3 ~ T I E  0 0  
1 0 0 5 0 9 1 E  O0 
! , 0 5 0 9 1 E  O0 
| * 0 5 0 9 1 E  OO 
1 * 0 5 0 9 1 2  0 9  
i * 0 S 0 9 1 E  0 0  
1 , 0 5 0 9 1 2  0 0  
1 * 0 5 0 9 1 2  0 0  
1 * 0 5 0 9 1 E  OO 
l * 0 S 0 9 | E  0 0  
l , O S 0 9 l E  0 0  
I e O S O g l E  O0 
I , O S O 9 1 E  O0 

BODY 

m 
o 
c3 



"-3 
O% 

N O .  

51  
5 2  
5 3  
S4 
5 5  
5 6  
5 7  
5 8  
5 q  
6O 
6 1  
6 2  
ft.3 
6 4  
6 5  
6 6  
61 '  
6 8  
6 9  
7 0  
7 1  
1,2 
1"3 
7 4  
1'5 
7 6  
1"? 
7 8  
7 '9  
8 0  
8 1  
8 2  

• . 6 3  
8 6  
5 5  
8 6  

. 8 ?  
8 8  
8 9  
9 0  
2 1  
9 2  
( J3  
9 4  
9 5  
9 6  
9 7  
9 8  
9 9  

1 O 0  

- 4 ; 0 2 9 2 1 " E - 0 !  
- 4 e 0 2 Q 2 8 E - - 0 1  
- 3 * 1 " 1 " 6 1 0 2 - 0 1  
- 3 . 2 8 5 6 7 2 - 0 t  
- 2 . 5 8 8 1 " 6 2 - 0 1  
- 1 . 7 2 9 2 2 E - 0 1  
- 1 " . 6 1 0 2 3 2 - 0 2  

2 * 5 4 9 9 2 E - 0 2  
1 * 2 5 4 9 8 2 - 0 |  
~ * | 7 & 1 4 ~ - 0 1  
2 * 9 6 0 5 4 2 - 5 1  
3 , 5 5 8 9 4 2 - 0 1  
~ * 9 3 3 7 0 2 - 0 1  
S * 0 1 " 6 6 0 2 - 0 1  
4 * 9 7 2 6 8 ~ - 0 1  
4 . 6 e 5 1 8 E - 0 |  
4 * ! 6 6 6 ~ . - 0 1  
3 . 4 q 1 , 6 1 2 - 0 1  
2 . 6 8 5 3 4 E - 0 1  
1 , 7 6 3 1 3 2 - 0 1  
1 " * 6 0 1 , 4 6 2 - 0 2  

- 2 . 5 7 1 1 8 2 - 0 2  
- 1 * 2 7 2 4 5 2 - 0 |  
- - 2 * 2 3 5 7 0 2 - - 0 |  
* 3 e ! 0 7 7 4 1 E - 0 1  
- 3 e 8 ~ 1 9 1 E - 0 1  
- -4~4381"02 - -01  
- - 4 0 8 4 3 1 " 8 E - 0 1  
- 5 e 0 5 0 5 5 2 - - 0 1  
- - 5 . 0 5 0 5 5 F - 0 1  
- - 4 e 8 4 3 7 5 2 - - 0 1  
- - 4 * 4 3 8 7 1 [ - - 0 |  
- ~ * 8 b l g E E - O I  
- 3 o 1 5 7 4 2 E - O t  
- - 2 * 2 3 5 1 , 2 E - 0 1  
- 1 * 2 1 " 2 4 1 " E - - 5 1  
- 2 . 5 7 1 4 4 [ - - 0 2  

1 " . 6 8 7 1 0 F - 0 2  
I * 7 6 3 1 1 2 - 0 1  
2 . 6 8 5 3 2 2 - - 0 |  
3 e 4 9 7 6 0 2 - - 0 1  
4 e 1 6 6 6 7 2 - - 0 1  
4 * 6 6 5 1 1 , E - 0 t  
6 e 9 7 2 6 8 2 - 5 1  
6 e 0 9 1 9 0 2 - - 0 1  
6 0 0 0 8 6 1 2 - 0 1  
5 e 7 5 1 5 2 [ - 0 1  
5 0 3 5 7 6 1 , E - 0 1  
4 e ~ 0 1 " 3 7 2 - - 5 1  
4 . | 2 5 9 3 ~ - 0 |  

MACH 4 NOZZLE ( G : 1 . 2 4 J  

Z (  : 2 * 0 5 0 0 0 2 - 0 1  

P 

5 . 0 2 0 2 2 2 - 0 2  
- 5 . 0 q 0 0 9 E - 0 2  
- I . 4 9 5 5 6 2 - 0 1  
- 2 . | 8 1 " 1 6 K - 0 1  
- 3 . 1 2 9 2 8 C - 0 |  
- 3 o 6 ~ 4 1 " 7 2 - 0 1  
- 3 e 9 8 9 3 6 2 - 0 1  
- 4 * O ~ E Q E - 0 1  

. - 3 . ~ 6 2 5 3 2 - 0 1  
- 3 . 4 2 9 0 8 ~ - 0 1  
- 2 * 7 5 0 1 1 " E - 0 1  
- 1 e 9 5 6 5 6 E - 0 1  
- 1 o 0 t 5 0 2 2 - 0 1  

0 * 3  
1 . 0 2 1 9 1 [ - 0 1  
2 e 0 0 | 9 8 2 - 0 1  
2 * 2 0 0 1 0 ( - ~ |  
3 e 6 1 " 9 4 ~ E - O I  
4 * 3 0 8 8 2 E - 0 t  
4 o 7 6 5 5 ~ - ~ 1  
5 * 0 1 8 0 6 2 - 0 1  
5 * 0 7 0 0 F E - O !  
4 * 9 1 4 5 4 E - 0 1  
4 e ~ 5 7 8 0 2 - 0 1  
4 0 0 | 4 4 6 E - 0 1  
3 . 3 0 6 1 " 6 ~ - O ~  
2 e 4 h 3 6 9 E - - 0 1  
1 , 5 1 g T f l E - O t  
5 . | 3 6 5 1 E - 0 2  

- 5 . 1 3 5 8 1 2 - 0 2  
- h 5 1 9 1 " ~ E - 0 1  
- - 2 0 4 6 3 6 7 2 - 0 1  
- ~ . 3 0 6 1 , 5 2 - 0 1  
- 4 . 0 1 4 4 ~ E - 0 1  
- 4 . 5 5 7 1 " 9 E - 0 1  
- 4 * 9 | 4 5 4 2 - 0 1  
- 5 e 0 1 " 0 0 8 E - 0 1  
- 5 , 0 1 8 0 6 2 - 0 1  
- 4 * 7 6 0 6 0 2 - 0 |  
- 4 . 3 0 8 2 A E - 0 1  
- 3 . 6 7 9 4 ~ - 0 1  
- 2 e 9 0 0 | 2 2 - 5 1  
- 2 * 0 0 2 0 0 2 - 0 1  
- t o 0 2 1 5 4 E - 0 1  

O.O 
I * 0 0 2 6 9 2 - 0 1  
1 0 9 1 , 8 0 3 2 - 0 t  
2 0 8 9 9 4 2 2 - 0 |  
3 . 1 , 4 1 1 " 2 f i - 5 1  
4 . 4 8 | g ~ - 0 |  

5 . 2 5 7 1 ¢ E  01 
5 * ~ 5 7 1 0 E  01 
5 e 2 5 1 " 1 0 2  01  
5 . 2 5 1 " 1 0 [  01 
5 * 2 5 1 " 1 0 2  01 
5 * 2 5 ? 1 0 2  O! 
5 * 2 5 7 1 1 ~  OI  
5 * 2 5 7 1 0 [  OI 
5 . 2 5 1 " 1 0 2  01  
5 . 2 5 1 " 1 0 E  Ol  
5 * 2 5 7 1 0 2  O!  
5 . 2 5 1 " 1 0 2  O l  
5 . 2 5 7 1 0 [  OI 
5 0 | 0 1 " 9 0 2  01  
5 . 1 0 1 " 9 0 ~  01 
5 , 1 0 7 9 0 2  01 
5 * 1 ~ 7 9 0 2  O |  
50101 "90~  O|  
5 * t 0 7 9 0 2  01 - 
5 . 1 0 1 " 9 0 2  5 |  
5 , 1 5 7 9 0 ~  01 
5 o 1 0 7 9 0 [  01 
5 . 1 0 1 " 9 0 E  Ol  
5 , 1 0 7 9 0 2  01  
5 . 1 0 1 " 9 0 2  OI 
5 * ! 0 7 9 0 2  OI  
5 . 1 0 7 9 0 2  O l  
5 . 1  01,9~E[ Ot  
5 e 1 Q 7 9 0 2  51 
5 * 1 0 1 " 9 0 2  01 
5 0 1 0 7 9 0 1 [  01  
5 . 1 0 1 " 9 ~ E  0 1  
5 e 1 0 7 9 0 2  O| 
5 * 1 0 7 9 0 2  0 1  
S . I 0 1 " 9 0 E  O i  
5 . 1 0 7 9 0 1 5  01 
5 e | 0 7 9 0 [  01 
5 * ! 0 7 9 0 E  9 |  
5 0 1 0 7 9 0 E  O! 
5 e | 0 7 9 5 E  5 1  
5 . 1 0 7 9 0 2  0 |  
5 e i 0 7 9 0 2  0 |  
5 ; I 0 7 9 0 E  0 |  
5 . I 0 7 9 0 ~  0 1  
4 e 9 1 2 7 0 2  0 |  
4 . 9 1 2 7 0 2  0 |  
4 . 9 1 2 7 0 E  Ot 
4 . 9 1 2 1 " 0 2  OI 
4 0 9 1 2 1 " 0 2  OJ 
4 , 5 1 2 7 0 2  01  

STEP NOe 

RHO 

3 . 4 6 9 5 9 2 - 0 6  . 
3 * 4 6 9 5 0 2 - 0 4  
3 e 4 6 9 5 9 2 - 5 4  
3 * 4 6 9 5 9 2 - 0 4  
3 * 4 6 9 5 9 2 - 0 4  
3 * 4 6 9 5 9 2 - 0 4  
3 . 4 6 9 f i 9 2 - 0 4  
3 . 4 6 c ) 5 9 E - 0 4  
3 * 4 6 ~ 5 9 2 - 0 4  
3 * 4 6 9 5 9 2 - 0 4  
3 * 4 6 9 ~ 9 2 - 0 4  
3 * 4 6 9 5 9 2 - 0 4  
3 e 4 6 9 5 9 2 - 0 4  
3 * 3 8 9 9 6 2 - 0 4  
3 . 3 8 9 9 6 2 - 0 4  
3 0 3 8 9 9 6 E - 0 6  
3 0 3 8 9 9 6 [ - - 0 4  
3 . 3 8 9 7 6 E - 0 4  
$ . 3 8 9 9 6 2 - 0 4  
3 . 3 8 9 9 0 2 - 0 4  
3 . 3 8 q 9 6 2 - 0 4  
3 * 3 8 0 9 6 2 - 0 4  
3 * 3 8 9 9 6 2 - 0 4  
3 * 3 8 9 9 6 2 - 0 4  
3 + 3 8 9 9 6 2 - 0 4  
3 . 3 8 9 9 6 2 - 0 4  
3 * 3 8 Q 9 6 2 - - 0 4  
3 * 3 E P ~ S e E - 0 4  
3 * 3 8 9 9 6 E - 0 4  
3 . 3 S g g 6 E - 0 4  
3 * ~ 8 9 ~ 6 2 - 0 4  
3 e 3 8 9 9 6 2 - 0 4  
3 * 3 8 9 9 6 2 - 0 4  
3 * 3 8 9 9 6 2 - 0 4  
3 e 3 8 9 9 6 2 - 0 4  
3 * 3 8 ~ 9 6 2 - 0 4  
3 . 3 3 9 9 6 2 - 0 4  
3 . 3 8 9 9 6 2 - ~ 4  
3 * 3 8 9 9 6 2 - 0 4  
3 * 3 8 9 9 6 2 - 5 4  
3 * 3 8 9 9 6 2 - 0 4  
3 e 3 8 9 ~ 6 E - - 0 4  
3 0 3 8 9 9 6 2 - 0 4  
3 e 3 6 0 9 6 E - 0 4  
3 0 2 8 5 0 8 2 - 0 4  
3 * 2 8 S 0 8 E - - 0 4  
3 , 2 6 S 0 8 2 - 0 4  
3 . 2 8 S 0 8 2 - - 0 4  
3 * 2 8 5 0 8 2 - 0 4  
3 0 2 8 5 0 8 2 - 0 4  

4 . 5 5 5 2 3 E  h2  
4 * 5 5 5 2 3 2  0 2  
4 * 5 5 5 2 3 2  52  
4 . 5 5 5 2 3 2  0 2  
4 e 5 5 5 2 3 E  02  
4 * 5 5 5 2 3 2  0 2  
4 * 5 5 5 2 3 2  0 2  
4 * 5 5 5 2 3 2  0 2  
4 * 5 5 ~ 2 3 E  0 2  
4 o 5 5 5 2 3 2  0 2  
4 0 5 5 5 2 3 2  0 2  
4 , 5 5 5 2 3 E  02  
4 . 5 5 5 2 3 2  32  
4 0 6 4 9 1 " 5 2  02  
4 0 6 4 9 1 " 5 2  02  
4 * 6 4 9 7 5 2  02  
4 0 6 4 9 1 " 5 E  02  
4 . 6 4 9 1 " 5 2  02  
4 0 6 4 9 7 5 2  0 2  
4 * 6 4 9 1 " 5 E  02  
4 e 6 4 9 1 " 5 2  0 2  
4 * 6 4 9 ? 5 2  02  
4 * 6 4 9 1 " 5 E  0 2  
4 * 6 4 9 7 ~ E  02  
4 . 6 4 9 1 " 5 E  0 2  
4 . 6 4 9 7 5 2  02  
406491"SE 0 2  
4 0 6 4 9 7 5 2  02  
4 * 6 4 9 Y 5 E  0 2  
4 e 6 4 9 1 " 5 E  0 2  
4 * 6 4 9 1 5 2  02  
4 . 6 4 9 1 " 5 2  0 2  
4 0 6 4 9 1 " 5 2  0 2  
4 0 6 4 9 1 " 5 E  02  
4 e 6 4 9 1 " 5 E  0 2  
4 * 6 4 9 7 5 2  0 2  
4 * 6 4 9 1 " 5 2  02  
4 . 6 4 9 1 " 5 2  0 2  
4 * 6 4 9 1 " 5 2  0 2  
4 0 6 4 q 1 " 5 2  02  
4 * 6 4 9 1 , 5 2  0 2  
4 0 6 4 9 1 " $ E  0 2  
4 . 6 4 9 7 5 2  0 2  
4 0 6 4 9 1 " 5 2  0 2  
401"1"384E 0 2  
4*1"1"3842 02  
401"1"3842  0 2  
4 * ? 7 3 8 4 2  5 2  
4 * 1 " 7 3 0 4 E  02  
4 . 7 1 " 3 6 4 2  0 2  

THETA 

- 2 . 0 2 4 1 4 E - 0 2  
- 2 * 0 2 4 1 5 2 - 0 2  
- 1 . 8 9 6 9 5 E - 0 2  
- 1 * 6 5 0 5 5 2 - 0 2  
- - ! e 3 0 0 4 4 2 - - 0 2  
- 8 * 6 8 6 4 4 E - 0 3  
- 3 * 8 2 2 8 2 2 - 0 3  

1 e 2 8 0 8 9 2 - - 5 3  
6 * 3 0 4 | 4 2 - 0 3  
I . O Q S I S E - - 0 2  
I e 4 8 7 2 1 E - - 0 2  
! * 1 , 8 7 8 4 E - 0 2  
1 0 9 7 6 1 3 2 - - 5 2  
2 * 9 3 4 9 1 2 - - 0 2  
2 e 8 1 " 4 8 1 E - - 0 2  
2 * 6 9 ~ 0 0 2 - 0 2  
2 o 4 0 8 1 " ~ - - 0 2  
2 0 0 2 | 9 0 2 - 0 2  
l * S S 2 3 0 2 - 0 2  
| , O | q | S E - - 5 2  
4 e 4 4 3 6 0 2 - 0 3  

- ! 0 4 8 6 2 5 2 - 0 3  
- 7 e 3 5 5 3 2 2 - - 0 3  
- 1 * ~ 2 3 6 2 - - 0 ~  
- 1 o 1 " 9 6 3 t E - 0 2  
- 2 0 2 2 6 7 5 E - 0 2  
0 2 * 5 6 6 0 4 E - 0 2  
- 2 o 5 0 0 2 7 1 [ - 0 2  
- - 2 * 9 1 9 2 5 E - 0 2  
- 2 . 9 | 9 8 5 E - 0 2  
- 2 0 8 0 5 2 8 E - 0 2  
- 2 0 5 6 6 0 4 2 - 0 2  
- 2 0 2 2 6 1 , 5 2 - 5 2  
0 1 * 7 9 6 3 2 E - 0 2  
- 1 e 2 9 2 3 7 2 - 0 2  
- - 7 * 3 5 5 4 7 2 - 0 3  
0 1 0 4 8 6 4 0 2 - 0 3  

4 0 4 & 3 4 8 2 ~ 0 3  
1 o 0 1 9 1 7 1 [ - - 0 2  
1 0 5 5 2 2 9 2 - 0 2  
2 0 0 2 1 9 0 E - - 0 2  
2 * 4 0 8 7 4 E - 0 2  
2 e G S f l S S E - 0 2  
2 * 8 ? 4 8 1 2 - 0 2  
4 0 | 3 5 3 e ~ : - - 0 2  
4 e 0 7 8 9 3 ~ - - 0 2  
3 * 9 | | l E E - O Z  
3 e 6 3 6 7 1 2 - - 0 2  
3 0 2 6 3 0 3 2 - 0 2  
2 . 8 0 0 3 7 E - - 0 2  

P S |  

2 1 5 5 T 4 1 ~ - 0 3  
- 2 0 5 5 7 4 | E - 0 3  
- 7 . 5 1 1  4 8 E - 0 3  
- i e | q 9 3 3 E - 0 2  
- l * O ? 2 1 1 E - O ~  
- l e B 4 e l O E - 0 2  
- 2 . 0 0 4 1 1 2 - 0 2  
- 2 e O S e E l E - - 0 2  
- I . 9 4 0 4 1 2 - 0 2  
- 1 * 7 2 2 7 0 2 - 0 2  
- 1 e 3 ~ 6 7 5 2 - - 0 2  
- 9 . 8 3 0 0 1 2 - 0 3  
- - 5 * 0 1 " 4 e 2 2 - 0 3  

0 . 0  
5 * 9 0 9 5 5 2 - - 0 3  
| . 1 5 1 " 6 f f e - 0 2  
1 . 6 7 6 0 4 2 - - 0 2  
2 0 1 2 7 4 9 2 - 0 2  
2 0 4 9 9 8 g E - 0 2  
2 e ? 5 2 3 1 F - 0 2  
2 , q 0 1 0 8 2 - 0 2  
2 . 9 3 1 1 4 [ - 0 2  
2 . 8 4 1 2 R E - 0 2  
2 e 6 3 5 1 2 E - 0 2  
2 . 3 2 1 1 1 2 - 0 2  
1 ~ 9 1 2 0 4 2 - 0 2  
1 0 4 2 4 6 3 2 - 0 2  
8 0 1 " 8 2 3 9 2 - 0 3  
2 , 9 1 " 0 1 0 £ - 0 3  

- - Z e 9 6 9 9 8 F - 0 3  
- 8 . 7 8 8 2 7 2 - 0 3  
- - J 0 4 2 4 6 2 2 - 0 2  
- h 9 1 2 0 3 2 - 0 2  
0 2 , 3 2 1 1 0 2 - 0 2  
- 2 . 6 3 5 1 2 1 [ - 0 2  
- 2 e 8 4 1 2 7 E - 0 2  
- 2 * 9 3 1 1 4 2 - 0 2 "  
- 2 , 9 0 | 0 ~ E - 0 2  
- E e T S 2 3 2 2 - 5 2  
- 2 0 4 9 0 S 0 2 - 0 2  
- 2 e | 2 1 " E O E - 0 2  
- - l e 6 7 5 9 M o O R  
- i . 1 5 1 " 6 g E - 0 8  
- 5 . 9 4 J S ? 0 2 0 0 3  

OeO 
6 . 8 | 0 3 2 2 - 0 3  
1 0 3 4 3 4 3 2 - 0 2  
1 * 9 6 9 0 8 2 - 0 2  
2 o g 4 0 O S E - O R  
3 . 0 4 3 2 ~ = - 0 2  

i * 0 5 O S I E  O0 
1 . 0 5 0 9 1 2  O0 
! . 0 5 0 9 1 2  O0 
| . ~ S O 9 : E  O0 
1 . 0 5 0 9 1 2  0 0  
1 . 0 5 0 9 | E  O0 
! . 0 5 0 9 1 E  90  
1 * 0 5 0 9 1 2  0 5  
1 0 0 5 0 9 1 E  O0 
1 . 5 5 0 9 1 2  QO 
| o 0 5 0 9 1 E  O0 
t . 0 5 0 9 1 2  O0 
I . ~ 5 0 9 1 ~  O~ 
1 * 5 7 5 7 1 E  5 0  
1 . 0 7 5 ~  E O0 
| . 0 7 5 7 1 2  ~ 0  
1 * 0 7 5 ? 1 2  0 5  
| e O T 5 7 1 2  O0 
1 * 0 7 5 7 1 2  O0 
| * 0 7 5 7 1 2  O0 
l * O ? 5 ? t E  O0 
| . 0 7 5 7 1 E  O0 
| . 0 7 5 7 1 2  O0 
l e O ? S T 1 [  O0 
1 * 0 7 5 7 | E  O0 
l e O ? 5 ? | E  O0 
t e 0 7 5 7 1 E  O0 
l . O ? 5 ? t E  O0 
l e O ? 5 7 1 E  O0 
1 * 0 ? 5 7 1 2  O0 
1 . 0 7 S T t E  O0 
1 , 0 7 5 F I E  O0  
1 . 0 7 5 7 | E  5 0  
1 e 5 7 5 ? t E  O0  
h O ? S ? t E  O0 
i 0 0 7 5 7 1 2  0 5  
| . O ? S ? l E  O0 
l e 0 7 5 7 1 2  0 5  
h O ? S 7 1 2  O0 
1 , 0 ? S ? t t  O0  
| e O ? 5 ? | E  O0  
l e 0 7 5 7 1 2  O0 
1 , 0 ? 5 ? r e  O0 
| c O T S ? l [  O0 
l e l O B E S E  O0  
| o |  0 8 S 9 2  0 5  
I .  I • 5SSE O0 
I ,  1 0 8 5 9 2  O0  
1 e l  0 8 5 9 2  O0 
1 . 1 0 8 8 9 2  O0 

BODY 

rn  

0 

-n  

co  
& 
GO 



+*3 
" 4  

NO.  

101 
1 0 2  
1 0 3  
1 0 4  
1 0 5  
1 0 6  
101 '  
1 0 8  
1 0 0  
I ! 0  
112  
1 1 2  
1 1 0  
1 1 4  
1 1 5  
1 1 6  
1 1 7  
110  
11~  
! 2 0  
121  
! 22  
1 2 3  
1 2 4  
1 2 5  
126  
12T 
1 2 8  
120  
130  
! 31 
1 3 2  
1 3 3  
1 3 4  
1 3 5  
1 3 6  
1 3 T  
1 3 2  
13 ~  
1 4 0  
141 
1 4 2  
1 4 3  
1 4 4  
1 4 5  
I t O  
I 4 T  
1 4 8  
t 40  
150 

3 * 3 3 1 9 6 0 - 0 1  
2 * 4 4 7 0 9 0 - 0 1  
1.40040E--01 
5 * 0 3 0 7 0 0 - 0 2  

- 5 . 0 3 0 6 1 E - 0 2  
- 1 . 4 9 5 4 6 E - 0 1  
- 2 0 4 6 7 0 8 E - 0 1  
- 3 , 3 3 1 9 0 0 - 0 1  
- 4 * 1 2 5 9 3 0 - 0 1  
- 4 * 0 0 1 3 6 E - 0 1  
-5 .357660 - -01  
- 5 * 7 6 1 8 2 0 - 0 1  
- 6 , O O M I E - O t  
- 6 . 0 9 1 9 0 0 - - 0 1  
- 6 0 0 0 8 8 2 E - - 0 1  
- 5 . 7 6 1 0 3 1 [ - - 0 1  
- S , 3 5 T 0 7 E - 0 1  
-4*EOT3FE.-OI 
-4*125942- -01  
-3 .3319FE- -01  
- 2 * 4 4 7 1 0 0 - 0 1  
- 1 . 4 9 0 4 9 0 - 0 1  
- 5 . 0 3 1 0 3 E - 0 2  

5 , 0 3 0 0 1 0 - 0 2  
1*400450--01 
2*447070--01 
3033102E-01 
4 * 1 2 5 9 0 0 - 0 1  
4 * 0 0 T 3 5 0 - - 0 1  
5*357660 -01  
5 * 7 5 | 8 1 0 - 0 1  
6 * 0 0 0 8 1 E - 0 1  
7 * 1 0 7 2 0 0 - 0 1  
? * 0 3 4 0 6 0 - 0 1  
6 * 8 1 0 3 1 0 - 0 1  
6 . ~ 6 4 9 4 0 - 0 1  
5*97896E--01 
5 . 3 7 1 2 6 0 - 0 1  
40604230-01  
$~842440-01 
2 * 9 5 2 4 4 0 - 0 |  
2*00233E-01 
I * 0 1 1 4 7 0 - 0 1  
9*Q~922E-07  

- 1 * 0 1 1 4 5 0 - 0 1  
- 2 * 0 0 2 3 ~ E - 0 1  
~20052430-01  
- 3 * 5 4 2 4 3 0 - 0 1  
- 4 e 6 5 4 2 2 0 - 0 1  
- 5 * 3 7 1 2 6 0 - 0 1  

MACH 4 NOZ2L[ (Gm1,241 

ZE : 2 . 0 0 0 0 0 E - 0 1  

P 

5 * 0 9 9 9 3 0 - 0 1  
5 . 5 7 8 8 0 0 - 0 1  
5 * 9 0 5 4 9 0 - 0 1  
6 * 0 7 1 0 9 E - 0 1  
6 * O T I O S " [ - 0 1  
0 0 9 0 5 4 9 0 - 0 1  
S*OFO00E-01 
5*00994E-01  
4 0 4 0 1 9 6 E * 0 1  
3*74173E-01 
2*89043~-01  
l o S T * S E E - S t  
1 .~02700 -01  
00634920 -0T  

-1 *00260E001  
- | * 0 7 8 0 2 0 - 0 1  
- 2 , 8 9 9 4 1 0 - 0 1  
- 3 . T 4 1  T IE -01  
- 4 , 4 8 1 0 f i e - 0 1  
- 5 * 0 9 9 9 2 0 - 0 1  
- 5 , 5 7 8 7 9 0 - 0 1  
- 5 . 9 0 5 4 9 0 - 2 1  
- f l . O ? 1 0 9 E - O I  
- 6 * S T 1 0 9 [ - 0 1  
- 5 . 9 0 5 4 9 2 - 0 1  
- 5 * 5 7 8 0 1 0 - 0 1  
-5 .0999"a=-01  
- 4 . 4 0 1 9 0 0 - 0 1  
- 3 * T 4 1 7 3 E - O l  
- 2 * 8 0 9 4 4 0 - 0 1  
- I * 0 7 0 0 7 E - 0 1  
- I . 0 0 2 7 3 E - 0 1  

0 . 0  
I * 0 1 1 4 ( S I [ - 0 1  
20002330-01 
2 . 9 5 2 4 3 2 - 0 1  
3 . 8 4 2 4 4 2 - 0 1  
4060422E-01 
5 . 3 T t 2 0 E - 0 1  
5 . 9 7 0 9 5 0 - 0 1  
6 *464030 -01  
6 *810310 -01  
? *034860 -O I  
?o lO?20E-Ot  
70014060-01  
6 . 8 1 9 3 1 0 - 0 1  
0 . 4 6 4 0 4 0 - 0 1  
50978960-01  
5 . 3 7 1 2 7 0 - 0 1  
4 * 6 5 4 2 3 0 - 0 1  

4*912700  01 
4*91271~  01 
4*91270E El  
4 . 9 1 2 T 0 0  01 
4 . 9 1 2 7 0 0  01 
4 0 9 1 2 7 ~  01 
4 . 9 1 2 T O E  OI 
4 . 9 1 2 7 0 0  01 
4 . 9 1 2 7 0 0  O| 
40912702 01 
4*91270~ OI 

• 4 . 9 1 2 7 0 0  01 
4 * q ~ 2 ? 0 (  01 
4 * 9 1 2 7 0 [  01 
4 . 9 1 2 T 0 0  01 
4 0 9 1 2 7 0 [  $1 
4.912TOE Ol 
4*912T00 Ol 
4*912700  OI 
4*912T00  Ol 
4 * 9 | 2 T 0 0  OI 
4.9127Q1~ Ol 
40912T00 OI 
4 . 9 1 2 T 0 0  01 
4 0 9 1 2 ? 0 2  01 
40912700 Ol 
4 . 0 1 2 7 0 0  01 
4 . 9 1 2 7 0 0  51 
4 e e l [ T O E  Ol 
4 . 9 1 2 T 0 0  Oi 
4 0 9 1 2 7 0 0  OI 
4 .912700  01 
4 . 6 6 1 3 0 0  01 
4 . 6 6 1 3 0 0  O l  
4 . 6 6 | 3 0 1 [  01 
4 . b O l 3 0 E  01 
4*661300  01 
4 . 6 6 1 3 0 [  OI 
4 . 6 6 1 3 0 0  Ot  
4 0 6 6 1 3 0 0  O l  
4 . 6 6 1 3 0 0  01 
4.06130C O! 
4 . 0 6 1 3 0 F  O! 
4 .66130E  01 
4 * 6 6 1 3 0 0  OI 
4 * 6 6 1 3 0 0  01 
4*661301[:  01 
4 * 6 6 1 ~ 0 0  01 
4*661300  01 
4 ,661300  01 

STEP N0* 0 

RHO 0 

3*285002004  
? . 2 8 0 0 8 E - 0 4  
3*285002--04 
3 * 2 8 5 0 8 2 - 0 4  
3 * 2 0 0 0 8 E - 0 4  
3.2.SSOOE-04 
3 . 2 8 0 0 8 0 - - 0 4  
3 * 2 8 5 0 0 2 - 0 4  
3e2ESOBE-S4 
3 . 2 0 0 0 2 0 0 0 4  
30285080-04  
30205080 -04  
3 . 2 8 0 0 8 2 - 0 4  

. 3 * 2 8 5 0 8 0 - 0 4  
3e205080' -04 
3e285080-04  
3 . 2 8 5 0 8 E - 0 4  
3 * 2 0 0 0 8 [ - 0 4  
3 * 2 6 5 0 8 E - 0 4  
3 * 2 8 5 0 8 0 - 0 4  
3 * 2 8 5 0 8 0 - 0 4  
3 * 2 8 0 0 8 0 - 0 4  
3 . 2 8 0 0 8 E - 0 4  
3 * 2 8 0 0 8 0 " 0 4  
3 . 2 8 5 0 8 0 - 0 4  
3 . 2 8 5 0 8 0 - 0 4  
3 , ~ 8 5 0 8 0 - 0 4  
3 . 2 8 5 0 8 2 " 0 4  
3 * 2 8 5 0 8 0 - - 0 4  
3 . 2 8 0 0 8 2 - 0 4  
30285080-04  
3 * 2 8 0 0 8 0 - 0 4  
3 * 1 4 8 8 3 E ' 0 4  
3 0 1 4 0 8 3 0 - 0 4  
3 , 1 4 8 8 0 0 - 0 4  
30148830 -04  
3 , 1 4 0 2 3 0 - 0 4  
3 * 1 4 8 8 3 0 - 0 4  
30140032-04  
3 . 1 4 8 8 3 E - 0 4  
3,148030- -04  
3 *1400~E-04  
3 *14883E-04  
3 . 1 4 0 8 3 0 - 0 4  
30148830 -04  
3 0 1 4 8 2 3 E - 2 4  
3*148030--04 
3 * i 4 8 8 3 E - 0 4  
3.140030--04 
3 * 1 4 8 8 3 0 - 0 4  

4 * 7 7 3 0 4 0  22 
4 . 7 T 3 6 4 0  02 
4 * 7 T 3 0 4 0 . 0 2  
4 ,?T304E  0 2  
4*77~840  0 2  
4*773040  0 2  
4 . 7 7 3 0 4 0  02 
4 *773040  02  
4 . ? T 3 8 4 2  ~2 
4 .??384E  O~ 
4 . T T 2 8 4 0  0 2  
4 . ? ? 3 8 4 0  02  
4*TT384E 02 
4 *T73840  02 
4o77384E 02 
4*7T384E 02  
4 .77384E  02 
4 *?73842  0 2  
4 , ? T 3 2 4 E  02  
4077324E 02 
4 . T 7 3 0 4 0  02  
4*773840  02  
4 . T T 3 0 4 0  02 
4 .77384E  02 
4 * 7 7 3 8 4 0  02 
4 .17304E  02 
4 .77384E  02 
4 *773840  0 2  
4 . T 7 3 8 4 0  02 
4 . T 7 3 8 4 0  02  
4*773840  02 
4 .T?384E  0 2  
4*934090  02  
4*034890  02 
4 . 9 3 4 0 9 2  02 
4 *934890  02 
4*93429E 02 
4 , 0 3 4 8 9 E  02 
4 . 9 3 4 8 9 E  02 
4*93489E 0 2  
4 * 0 3 4 0 9 0  02 
4*93409E 0 2  
4*934890  02" 
4 . 0 ~ 4 8 9 E  02  
4*934890  02 
4*934890  02  
4 . 9 3 4 8 9 0  02 
4 *934090  02  
4*934090  02 
4*934092  02  

TNETA 

2 . E 6 1 3 8 E - 0 2  
Ie66076E-OE 
h O I 4 9 0 0 - 0 2  
3 ,414020~03  

- 3 , 4 1 3 9 6 1 [ - 0 3  
- 1 * 0 1 4 0 9 E - 0 2  
- -1 .660700- -02  
- 2 . 2 6 1 3 T 1 [ - 0 2  
- 2 . 8 0 0 3 7 E - 0 0  
- 3 . 2 6 3 0 3 E - 0 8  
- 3 . 6 3 6 7 2 0 - 0 2  
- 3 . 9 1 1 1 5 0 - 0 2  
- 4 * 0 T 0 9 0 0 - 0 2  
- 4 0 1 3 0 3 6 0 - 2 1  
- 4 . 2 ? 8 9 3 0 - 0 0  
- 3 . 9 1 1 1 8 1 [ - - 0 2  
~ 3 . 6 3 6 7 1 E - 0 2  
- 3 0 2 6 3 0 4 0 - 0 2  
- 2 * 8 0 0 2 0 E - 0 2  
- 2 * 2 6 1 3 9 0 - 0 2  
- 1 * 6 6 0 7 1 0 [ - 0 2  
- I . 0 1 4 9 1 0 - - 0 2  
- 3 , 4 1 4 2 4 0 - 0 3  

3 . 4 1 3 8 9 0 - 0 3  
1 . 0 1 4 8 9 E - 0 2  
1*66074E-02  
2 * 2 6 1 3 6 E - 0 2  
2 * 8 0 2 3 0 E - 0 2  
3 e 2 6 3 0 2 0 - 0 2  
3 . 6 3 6 7 0 0 - 0 2  
3 * 9 1 1 1 7 E - 0 2  
4.078930- -02  
0 * T 6 6 | 3 0 - 2 2  
EeFOT3?E--2Z 
5 , 5 3 2 3 2 0 ~ 0 2  
00244550 -02  
4 * 8 4 9 9 9 0 - 0 2  
4 0 3 0 6 7 1 0 - 0 2  
0 . T T 4 8 ~ E - 0 2  
3 0 1 1 6 1 8 0 - 0 2  
2039424E--02 
1 . 6 2 3 6 8 E - 0 2  
0 0 2 0 1 6 5 0 - 0 3  
7 . 3 0 0 1 9 0 - 0 0  

- 8 0 2 0 1 5 0 0 - 0 3  
- ! . 6 2 3 6 7 0 - 0 2  
- 2 * 3 0 4 2 3 0 - 0 2  
- 3 0 1 1 6 1 7 E - 0 2  
- - 3 . T T 4 6 1 E - 0 2  
- 4 * 3 5 6 7 1 0 - 0 2  

PS| 

3 0 4 0 2 5 8 E - 0 2  
3 * 7 8 7 4 0 0 - 0 2  
4*OOSESE-02 
4 0 1 2 1 2 2 E - 0 2  
4 * 1 E 1 0 6 0 - 0 2  
40008E60-0E 
3 . 7 8 T 4 1 0 ~ 0 1 "  
3 * 4 6 2 0 8 0 " 0 2  
3 * 0 4 3 2 9 E - 0 2  
2 . E 4 0 g 0 E - 0 Z  
1 . 9 6 9 0 4 ~ - 0 2  
1 * 3 4 3 4 4 2 - 0 2  
6 * 8 1 0 4 ~ - - 0 3  
6 * 5 4 4 2 1 0 - 0 8  

- 6 . 8 1 0 3 0 0 - 0 3  
- 1 . M 3 4 3 0 - 0 2  
- 1 0 0 6 9 0 8 E - 0 2  
-2 .540109E-02  
- - 3 * 0 4 3 2 8 0 - - 0 2  
-304625"FE-02 
- 3 * T 4 7 4 0 0 - 0 2  
- 4 * 0 0 8 9 6 E 0 0 2  
- 4 e i Z 1 2 0 E - 0 2  
- 4 . 1 2 1 2 6 E - 0 2  
- 4 . 0 0 0 9 E ~ - 0 2  
- 3 e F E T 4 1 E - 0 8  
- -3e462E9E-02 
- 3 . 0 d l 3 3 0 1 [ - - 0 2  

- 1 . 9 6 0 1 0 E - 0 2  
- 1 * 3 4 3 4 6 E - 0 2  
- 0 . 8 1 0 6 1 E - 0 3  

0 , 0  
8 . 2 1 4 S ? E - 0 3  
I . 6 2 6 1 6 E - 0 2  
2 . 3 9 7 5 3 0 - 0 2  
3 . 1 1 0 8 5 0 - 0 2  
3 * 7 T S 4 0 E - 0 2  
4 1 3 5 9 6 2 0 - 0 2  
4 . 8 0 2 3 4 E - 0 2  
5.246051[--02 
5 * 0 3 3 0 4 0 - 0 2  
5 .?OT56E-02  
5 * 7 6 6 1 3 E - - 0 2  
0 . 7 0 7 3 7 E - 2 2  
Se0330SE-02 
5 * 2 4 6 0 6 0 - 0 2  
4 , 8 0 2 3 5 E - 0 2  
4*3-~J)820-02 
307TE41E-OE 

N 

i .  IOESOE O0 
l . t  OSSEE O0 
1 . t 0 8 0 9 0  O0 
h l O S 5 9 E  O0 
t . I O E S E E  O0 
1 0 1 0 8 0 9 0  O0 
l . | O E S g E  O0 
| 0 1 0 8 s 9 0  O0 
1 . 1 0 8 0 9 E  O0 
| . | O S S E E  OO 
| . 1 0 8 E 9 E  O0 
! 0 1 0 8 5 9 E  O0 
I o 1 0 8 5 0 0  0 0  
| 0 1 0 8 8 9 0  OO 
1.10ESEE 00 
Io108S90  00 

" 1 . 1 0 8 5 9 0  OO 
1 . 1 0 8 5 9 0  OO 
1 0 1 0 8 3 9 E  O0 
l e 1 0 8 5 E E  O0 
1 o 1 0 8 0 9 0  O0 
1 . 1 0 8 5 9 1 [  O0 
1 o 1 0 8 0 9 0  O0 
l . l O O S g E  O0 
i . 1 0 8 0 9 0  OO 
1 . 1 0 8 5 9 0  00 
2 . 1 0 8 0 9 0  O0 
I . 1 0 8 S q e  O0 
1.100SOE O0 
1 . 1 0 8 5 9 0  00 
1 . 1 0 0 E 9 0  O0 
i . 1 0 8 5 9 0  O0 
1 . 1 5 1 8 3 E  O0 
1 * 1 5 1 8 3 0  O0 
1 , 1 6 1 8 3 0  O0 
1 . 1 5 1 8 ~ E  O0 
I 0 1 5 1 8 3 0  O0 
1 * i 5 1 8 3 0  O0 
t . t S t E S E  00 
I . 1 5 1 8 3 0  00 
1 .151830  00 
1 . 1 5 1 8 3 0  O0 
I . 1 0 1 8 3 E  O0 
1 . 1 5 1 5 3 0  O0 
1 . 1 5 1 8 3 E  O0 
1 . 1 5 1 8 3 0  50 
1 . 1 0 1 8 3 0  O0 
1 , 1 5 1 8 3 E  O0 
1 . 1 0 1 8 3 E  O0 
1 . 1 5 1 8 3 0  O0 

BODY 

rll 
C3 
c)  

-n 

O* 

co 

/ 



--4 
O0 

NO.  

151 
152  
1S3 
1 5 4  
! 55  
156  
1 5 7  
qS8 
I S (  
1 6 0  
161 
162  
1 6 3  
1 6 4  
| 6 5  
166  
t 6 7  
1 6 8  
1 6 9  
1 7 0  
l Y t  
172  
I T 3  
1 7 4  
I T S  
1 7 6  
1 7 7  
I T 8  
1 7 9  
IBO 
l a t  
182  
1 8 3  
1 8 4  
185  
1 8 6  
i S ?  
188  
1 8 9  
1 9 0  
191 
1 9 2  
i ~ 3  
1 9 4  
1 9 5  
1 9 6  
191' 
t 9 2  
1 9 9  
2O0 

- 5 . 9 7 8 9 5 2 - 0 1  
- 6 . 4 6 4 9 3 2 - 0 1  
- 6 * 8 1 9 3 0 E - 0 |  
- T * 0 3 4 8 6 ~ - 0 1  
- 7 . 1 0 7 2 0 [ - 0 1  
- - ? * 0 7 4 8 6 2 - 0 |  
- 6 . 8 1 9 3 1 E - 0 1  
- 6 0 4 6 4 9 4 2 - 0 1  
- S o q T 8 9 6 E - 0 1  
- 5 . 3 7 1 2 7 E - 0 1  
- ~ * 6 5 4 2 4 2 - 0 |  
- S e R 4 2 4 S E - O I  
- 2 0 9 5 2 4 5 2 - 0 t  
- 2 * 0 0 2 3 4 E - 0 1  
- 1 0 ~ 1 1 4 8 2 - 0 1  
- 4 . T 3 6 2 1 E - 0 6  

| . 0 1 | 4 2 2 - 0 1  
2 , 0 0 2 3 0 ( - 0 1  
2 * 9 5 2 4 2 2 - - 0 1  
~ . 8 4 2 4 1 2 - 0 1  
4 . 6 5 4 2 S E - q |  
5 . 3 7 1 2 5 2 - 0 1  
5 * 9 7 8 9 4 2 0 0 1  
6 p 4 6 4 9 2 E - O !  
6 . 8 1 9 3 0 2 - 0 2  
7 . 0 3 4 8 5 E - 0 1  
8 0 1 2 2 6 0 E - 0 1  
8 . 0 5 2 5 5 E - 0 1  
? e 8 6 7 ~ E - 0 1  
7 . 5 5 2 2 ~ E - 0 1  
? s i t ? a m [ - 0 1  
6 . 5 7 1 3 2 E - 0 1  
5 . 9 2 1 1 2 E - 0 1  
5 * 1 7 7 5 4 2 - - 0 1  
4 0 3 6 2 3 1 [ - 0 |  
3 * 4 ~ 8 4 4 2 - - 0 1  
2 0 5 1 0 0 3 2 - - 0 |  
1 . 5 2 2 0 5 E - 0 1  
5 * | ' 0 0 3 2 1 [ - 0 2  

- 5 * I O O I 2 E - 0 2  
- l . S 2 2 0 1 E - O I  
- 2 * 5 1 0 0 1 E - 0 |  
- - 3 . 4 5 8 4 3 2 - 0 |  
- 4 e 3 5 2 3 0 E - 0 1  
- S . | T ? 5 3 E - O |  
- 5 . 9 2 1 | 1 E - 0 1  
- 6 0 5 7 1 3 ~ 2 - 0 |  
- 7 0 1 1 7 8 8 2 - 0 1  
- - F 0 5 5 2 2 0 E - 0 1  
- 7 e 8 6 7 4 1 2 - 0 |  

NACH 4 N~ZZ~E ( G : i e ? 4 )  

Z2  : 2 * 0 5 0 0 0 E - - 0 1  

P 

3 0 8 4 P 4 5 E - O !  
2 e 9 5 2 ~ 5 2 : - 0 |  
2 . 0 0 2 3 4 2 - 0 2  
l e O I I 4 7 E - O I  
1 , 1 2 4 0 7 E - 0 6  

- I . 0 1 1 4 5 2 - 0 1  
- 2 . 0 0 2 3 2 E - 0 1  
- 2 . 9 S 2 4 3 E - 0 1  
- 3 . 8 4 2 4 3 E - 0 1  
- 4 0 6 5 4 2 1 2 - 0 1  
- f i e 3 ? 1 2 5 E - 0 1  
- 5 . 9 7 0 9 S 2 0 0 1  
- 6 0 4 6 4 9 3 2 - 0 |  
- 6 . 8 1 9 3 0 E - 0 1  
- ? . 0 3 4 8 5 E - 0 1  
- ~ 0 1 0 7 2 0 [ - 0 1  
- 7 . 0 3 4 8 b E - S t  
- e * 8 1 9 3 2 E - 0 1  
- 6 e 4 6 4 9 4 2 - 0 1  
- 5 . 9 ~ 8 9 8 F - 0 1  
- 5 . 3 7 | 2 9 ~ - 0 1  
- ~ e 6 5 4 2 4 [ - 0 1  
- 3 . 8 ~ 4 6 2 - 0 1  
- 2 0 9 5 2 4 8 2 - 9 1  
- 2 * 0 0 2 3 6 f - 0 1  
0 1 * 0 1 1 4 9 E - 0 1  

O o S  
l e 0 1 8 0 3 2 - 0 1  
2 . 0 2 0 0 1 2 - 0 |  
2 0 9 9 0 1 3 2 - Q 1  
3 . 9 1 3 0 9 2 - 0 1  
4 . 7 7 4 3 4 2 - 0 1  
5 0 5 6 0 3 5 [ - 0 1  
6 . 2 5 8 5 7 ~ - 0 1  
6 * 8 5 8 1 3 2 - 0 1  
? * 3 4 9 S 4 E - - 0 |  
7 . 7 2 5 0 5 2 - 0 1  
? * 9 7 8 7 2 E - 0 2  
8 . 1 0 6 5 7 2 - 0 1  
8 . 1 0 6 5 7 2 - 0 1  
7 . 9 F 8 7 ~ E 0 0 1  
? . ? 2 5 0 5 F - 0 1  
?0349551 [ - - 01  
6 e 8 5 8 1 4 [ - 0 1  
b e 2 5 8 5 8 E - 0 |  
5 e S 6 0 3 1 2 - 0 1  
4 0 7 7 4 3 6 E - - 0 1  
3 . 9 1 3 1 0 2 - 0 1  

• 2 e 9 9 0 1 4 E - 0 1  
2 * 0 2 0 0 2 2 - O l  

4 . 6 6 1 3 0 C  OI  
4 . 6 6 1 3 0 F  O!  
4 * 6 6 | 3 0 E  O!  
4 * 6 6 1 2 0 2  O l  
4 * 6 6 | 3 Q E  O I  
4 . 6 6 1 3 0 G  O |  
4 0 6 6 | 3 0 2  O l  
4 . 6 6 1 3 Q E  01  
4 * 6 6 | 2 0 E  01  
4 * 6 6 1 2 0 t  01  
4 . 6 6 1 3 0 F  0 1  
4 . 6 6 1 3 0 2  O l  
4 e 6 6 1 3 0 2  01  
4 0 6 ~ | 3 0 E  0 |  
4 . 6 6 | 3 0 ~  O l  
4 . 6 6 1 3 0 [  OI 
4 * 6 6 1 3 0 2  01  
4 * 6 6 1 3 0 E  OI  
4 . 6 6 1 3 0 F  01  
4 e 6 6 t 3 0 E  01  
4 . 6 6 1 3 0 [  Q ;  
4 * 6 6 1 3 0 F  O t  
4 e 6 6 | 3 Q C  01 
4 . 6 6 1 3 0 2  9 1  
4 * 6 6 | 3 0 [  01"  
4 . 6 6 1 3 0 F  02  
4 e 3 3 8 5 5 E  01  
4 . 3 3 8 5 0 1 [  OI 
4 0 3 3 8 5 0 2  01 
4 ~ 3 3 8 5 0 E  0 1 .  
4 .33650 t~ .  O| 
4 0 3 3 6 5 ~  01 
4 * 3 3 8 5 0 2  01  
4 0 3 3 8 5 0 F .  OI 
4 . 3 ~ 8 5 0 [  O! 
4 . 3 3 0 5 0 C  O l  
4 0 3 3 R 5 0 2  Ol  
4 . 3 ~ 8 5 0 2  01 
4 * 3 3 8 5 0 ~  01 
4+33850( : :  O|  
4 0 3 3 8 S 0 2  Ol  
4 . 3 3 8 5 0 q 5  0 1  
4 . 3 3 8 5 0 F  OI 
4 * 3 ~ 8 5 0 E  O!  
4 . 3 3 8 5 0 2  01  
• . 3 3 8 5 0 2  O l  
4 . 3 2 8 5 0 2  Ol 
4 e 3 3 8 S Q E  O l  
4 . 3 3 8 5 0 2  01 
4 * 3 2 8 5 0 2  O l  

STEP NO* • 

RH0 Q THETA 

3 . 1 4 8 8 3 2 - 0 4  4 , 9 3 4 8 9 E  02  - 4 * 2 4 9 9 8 2 - 0 2  
3 . 1 4 8 8 3 2 - 0 4  4 . 9 3 4 8 9 ~  02  - 5 . 2 4 4 5 5 2 - 0 2  
3 . 1 4 8 8 3 2 - 0 4  4 . 9 3 4 6 q E  02  - 5 0 5 3 2 3 | E - 0 2  
3 * 1 4 8 R 3 E 0 0 4  4 * 9 3 4 8 9 2  0 2  - 5 * T 0 7 3 7 E - 0 2  
3 . 1 4 8 8 3 E - 0 4  4 . 9 3 4 6 9 E  02  - 5 0 7 6 6 1 3 E - 0 2  
3 * 1 4 8 8 3 2 - 0 4  4 . 9 3 4 8 9 E  0 2  - 5 . 7 0 7 3 7 E - 0 2  
3 e 1 4 8 8 3 E - 0 4  4 . 9 3 4 8 9 2  O~ - 5 e 5 3 2 3 2 E - 0 2  
3 * ! 4 8 8 3 2 - 0 4  4 * 9 3 4 8 9 [  0 2  - S . 2 4 4 S 5 2 - 0 2  
3 . | 4 8 8 3 2 - - 0 4  4 0 9 3 4 8 9 2  02  - 4 e 8 4 9 9 9 E 0 0 2  
3 * 1 4 8 8 3 2 - 0 4  & e q 3 4 8 9 E  0 2  - - 4 e 3 5 6 7 2 [ - 0 2  
3 * 1 4 8 8 3 E - - 0 4  4 e Q 3 4 8 9 E  02  - 3 * T T 4 8 2 2 - 0 2  
3 o | 4 8 8 3 [ - 0 4  4 * 9 3 4 8 9 2  0 2  " - 3 0 | 1 6 1 9 E - - 0 2  
3 * ! 4 8 8 3 2 - 0 4  4 * 9 3 4 8 9 2  0 2  - 2 . 3 9 4 2 5 2 - 0 2  
3 * | 4 8 8 3 E - 0 6  4 . 9 3 4 8 9 2  0 2  - 1 * 6 2 3 6 9 2 - - 0 2  
3 0 1 4 8 8 3 E - 0 4  4 * 9  3 4 8 9 2  02  - 8 0 2 0 1 " / ~ E - 0 3  
3 . 1 4 8 8 3 F - - 0 4  QeQ3489E 02  - 3 . 8 4 0 3 9 2 - 0 7  
3 . | 4 8 8 3 C - 0 4  4 * 9  3 4 8 9 2  0 2  8 0 2 0 | 3 0 2 - 0 3  
3 . 1 4 8 8 3 E - 0 4  4 0 9 3 4 8 9 2  0 2  l e 6 2 3 6 5 2 - 0 2  
3 0 1 4 6 8 3 2 - - 0 4  4 . 9 3 4 8 9 2  0 2  2 * 3 9 4 2 2 2 - - 0 2  
3 . 1 4 8 8 3 G - 0 4  4 * 9 3 4 8 9 2  0 2  3 0 1 | 6 1 5 E - 0 2  
3 * 1 4 8 8 3 E - 0 4  4 * 9 3 4 8 9 2  0 2  3 . 7 7 4 7 9 2 - 0 2  
S . 1 4 A B 3 E - - 0 4  4 . 9 3 4 8 9 2  0 2  4 0 3 5 6 7 0 E - 0 2  
3 * ! 4 8 8 3 2 - 0 4  4 * 9 3 4 8 9 2  0 2  4 * 8 4 9 9 8 2 - 0 2  
3 * 1 4 6 8 3 2 - 0 4  4 . 9 3 4 8 9 2  0 2  S 0 2 4 4 5 4 2 - 0 2  
3 * 1 4 8 8 3 ~ - 0 4  4 0 9 3 4 0 9 E  0 2  5 0 5 3 2 3 2 2 - 0 2  
3 . 1 4 8 8 3 E - 0 4  4 . g 3 4 8 9 2  0 2  5 0 T 0 7 3 7 2 - 0 2  
2 * 9 7 1 7 6 2 - 0 4  5 0 1 4 4 2 0 2  0 2  ? e 9 9 5 9 3 2 - - 0 2  
2 e S ? l F 6 E - 0 4  5 . 1 4 4 2 0 2  0 2  7 * 9 3 2 7 4 2 - 0 2  
2 . 9 7 1  7 6 E - 0 4  S * 1 4 4 2 0 ~  0 2  7 0 T 4 4 2 0 2 - 0 2  
2 . 9 7 1 7 6 2 = 0 4  5 e 1 4 4 2 0 2  0 2  7 o 4 3 3 3 5 E - 0 2  
2 e 9 7 1 7 6 2 - - 0 4  5 . 1 4 4 2 0 2  0 2  T e O O S l 4 E - 0 2  
2 . 9 7 1 7 6 2 - 0 4  5 * ! 4 4 2 0 2  02  6 0 4 f l 6 4 5 2 - 0 2  
2 . 9 7 1 7 6 E - 0 4  5 e l 4 4 2 0 E  0 2  5 0 8 2 5 2 7 E - 0 2  
2 * 9 7 | ? 6 E ' - 0 4  5 . 1 4 4 2 0 2  0 2  5 * 0 9 3 5 7 2 - 0 2  
2 . Q 7 1 7 6 2 - 0 4  S * 1 4 4 2 0 E  0 2  4 e 2 B | | S E - 0 2  
2 0 9 7 1 7 6 2 - 0 4  5 . | 4 4 2 0 2  0 2  3 0 4 0 1 5 4 ( - 0 2  
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-005S776E001 
- 8 . 1 S 3 3 4 E - 0 |  
-? ,64Q971 [ -01  
- 7 ,  OS3? IE-Ot  
- 6 * 3 7 | 8 6 E - O t  
- 5 . 6 1 2 6 3 E - 0 1  
- * * * ? S S 3 1 E - 0 1  
- 3 * 8 9 9 8 6 E - 0 |  
- 2 . 9 6 7 1 2 E - 0 1  
- I o g g 8 3 S E - O I  
- l e O O S E ~ - O I  

0 . 0  
I o 0 1 0 9 3 £ - - 0 1  
~ . O l L S E E - O I  
~ * 9 9 2 7 1 E - 0 1  
3*943EEE-OI  
4 . 8 5 5 8 0 E - 0 |  
S*~IEEOE-OI  
6 . 5 2 6 3 3 E - 0 1  
? .  ~ 6 8 3 3 1 [ - 0 1  
7 . 9 3 8 ~ g E - 0 1  
8 .52S93E-01  
geOSSO4E-01 
9 e 4 S I S * * E - O |  
9 . ? 7 3 7 1 E - 2 t  
9 e 9 9 8 9 S E - 0 1  
l o O t S 4  mu OO 
I * O | E O 0 ~  O0 

3*92450~ 01 
3 0 9 2 . . 5 0 ~  O| 
3.@P450E QI 
3*92450~ O! 
3*92450E Ot 
3.QE45OE 01 
3092450~. O| 
3e924SOE 21 
3.92450E Ol 
3 .92450E O! 
3.924501[ O| 
3*9245Q~ 01 
3e924SOE OI 
30924S04~ 01 
3e924SOE ~1 
3.92. .50E OI 
3eQ24SOE 01 
30S2450E O| 
3o924501[  OI 
3 . 9 2 . . 5 0 E  01 
3 . ~ 4 5 0 E  OI 
3eSE4SOE O| 
3*924SOG 01 
3092450E 01 
3 . 9 2 4 5 0 (  01 
309~450~ OI 
3 . 9 2 4 5 0 E  2|  
3*92450E 01 
3.q2450E 01 
3.92. .50E O| 
3 e 9 2 4 S O E  01 
3e92450~ O| 
3092450E St  
3039S30E OI 
3 * 3 9 5 3 ~  01 
3.39530E 01 
3+39530E O| 
3 .39530E 01 
3 .39330E O| 
3eSqSSOE Ol 
3e39530E OI 
3.39530E O| 
3.39530E 01 
3039530E O| 
3 e 3 9 S 3 ~  01 
3*39530E O| 
3e3953(N[  O| 
3 , 3 9 5 3 4 ~  Ol 
3.39530E O| 
3 e 3 9 5 3 0 E  41 

STEP NO. 

RHO 

2*74007E-04  
~074067E-04 
2 .?4OE?E-06 
2e?408?E-04 
~e?408?E-04 
2 . 7 4 0 6 7 E - 0 4  
~0"74087E--04 
2 . 7 4 0 8 7 E - 0 4  
2 *7408TE-04  
2.74067E--04 
2 . 7 4 0 8 7 E - 0 4  
2*74087E-0~  
2 .740S?E-04  
~e?40STE-06 
2 . 7 4 0 8 7 E - 0 4  
~e?408?E-04 
2*?4OSYE-04 
2 *74087E-04  
Ee?4OS?E-04 
2074087E-04 
2074087E-04 
2 *7408?E-04  
2*74087E-0~  
~e?4OS?E-06 
Eo?4OETE-O4 
Re?408?E'-04 
~e?4SSTE-04 
~ . 7 4 6 8 7 E - 0 4  
2 . ? 4 0 8 7 E - 0 4  
Ee?4SS?E~04 
2e?40S?E-04 
2*?40S?E-04  
Jo740S?E-04 
Ee43STOE-04 
2*4387OE-04 
~ .438TOE*04 
2*438TOE-04 
2 0 4 3 8 7 0 ~ - 0 4  
2 . ~ 3 8 7 0 E - 0 4  
~ e 6 3 8 7 O E " S 4  
2*43E?OE-04 
20~3870E-04 
2~4307'OE-O& 
E*43ETOE-04 
E*~SSYOE*04 
2 . 4 3 8 7 0 E - 0 4  
2***SS?OE-04 
2.**SE?OE~O** 
2 . 4 3 8 7 0 E - $ 4  
~** .3870E-24 

5*4187~E 02  
S,4 ISTSE  02 
5*418751[ 0 2  
5 . 4 1 8 Y 5 [  OE 
5 , 4 1 8 7 5 E  02  
5e418?SE 0 2  
5 . 4 1 8 ? 5 E  02 
5 .41875E  02  
S . 4 | 8 ? S E  0 2  
504287EE 0 2  
5 , 4 | 8 7 5 E  OR 
Se4 |87~E O~ 
5 , 4 1 8 7 5 E  0 2  
5 , 4 | 8 Y S E  02  
S , 6 1 8 ? f i E  0 2  
5 .41875E  0 2  
5*41875E O~ 
5 . 4 | 8 7 3 E  0 2  
5 , 4 1 8 7 5 E  02 
5 . 4 | 8 7 5 E  O~ 
S e 4 1 B F E E  0 2  
S*4187SE 0 2  
S , ~ 1 8 ? S E  0 2  
5.418?EE 0 2  
5 . 4 1 8 7 S ~  0 2  
5 e 4 1 8 ~ E  O~ 
S*41S?SE OE 
5 .41875E  0 2  
S*41STEE 02  
S*4|STSE 0 2  
5.418?EE 0 2  
5 . 6 | 8 7 5 E  02 
Se418?SE O~ 
S . 7 8 3 8 8 E  0 2  
5 e ? ~ 3 8 8 E  0 2  
5 . 7 8 3 8 8 ~  02  
5 . ? 8 3 8 8 E  0 2  
S*TE388E OE 
SeYB388E 02 
5*7838BE O~ 
Ee?S368E 0 2  
5eTS388E 0 2  
5078388E OS 
S.?8SSSE OE 
S . ? 8 3 8 5 E  02 
3 e T S 3 8 E E  OR 
So?8388E 0 2  
5*783EEE OR 
5 e ? S M 8 E  OS 
S.?E3SSE 0 2  

THETA 

-EoTO498E-02 
- ! . 0 2 2 5 6 E - 0 1  
- | * 0 6 2 1 9 E - 0 1  
- l *OSSEgE-01  
- t e l O 2 3 3 E - O I  
- l e I O 2 3 3 E - O I  
- 1 . 0 6 8 6 9 E 0 0 1  
- | . 0 6 2 | 9 E - 0 1  
- I . O E Z S S E - O I  
-9 .?05004[ - -02 
- 9 . 0 S 6 5 2 E - 0 2  
- 8 . 3 1 8 1 t E - 0 2  
- T e 4 6 9 0 3 E - 0 2  
- 6 . 5 2 9 7 1 E - 0 2  
- E e E i 1 6 5 E - 0 2  
- 4 * 4 2 7 2 S E - 0 2  
-ZeESg56E-OS 
* 2 . 1 1 2 4 0 £ - 0 2  
- g o O 9 9 | 4 E - - 0 3  

3e03649£-03  
1 , 5 1 3 3 1 E - 0 2  
3 . 7 0 4 9 8 E - 0 2  
3 * M 4 | E E - O E  
4*9?GSSE-O2 
6 e O E E T O E - 0 2  
7 . 0 0 9 9 | E * 0 2  
7eEOE4?E-OR 
8+?OS47E-ON 
9e39998E--02 
9.ESO47E-OJ 
1 . 0 4 3 9 6 E - - O l  
h E Y ? l E E - - S 1  
| * 0 9 7 2 8 E - 0 1  
1 . 5 1 4 ~ 6 E E - 0 1  
t * S O T O S E - O |  
1 . 4 8 6 3 1 N [ - O |  
1 .446841 [ -0 |  
1 * 3 ~ 4 8 ? E - 0 |  
| . S E g O O E - O l  
1 . 2 4 9 9 I E - - O l  
I . I S S 4 2 E * O l  
I . O E E 4 8 E - O I  
9 * 4 i 1 3 7 E - O E  
8 o l E E S O E * 0 2  
6 0 8 8 8 9 E E - 0 ~  
5*S|SEOE*02 
4 . 0 8 7 7 0 E * 0 2  
Ee6203SE-OR 
I * I E ? S g E - O S  

0 3 0 7 6 | 3 9 E - 0 3  

PS| 

5027109E-02  
4 . I S g O S E - 0 2  
3 ,01S42E-02  
I 0 8 2 4 3 8 E - 0 2  
6 o 1 0 6 6 7 1 [ - 0 3  

- 6 * 1 0 ~ 3 2 [ - - 0 3  
- l e S 2 4 3 4 E - 0 2  
~ 3 . 0 t 8 3 m ~ - 0 2  
- 4 . 1 6 9 0 8 E - 0 2  
- S e 2 7 | O E E * O |  
- 6 . 3 0 8 0 2 E - 0 2  
- ?e~S737E-02  
- 8 . 1 3 7 6 0 1 [ - 0 2  
"SeUOE39E-O~ 
-q *s?O?OE-02  
- | e O I I 6 8 E - 0 1  
- | . O 6 4 0 5 E o O l  
- h O S S G S E - ~ I  
- h l O O 2 7 E - 0 1  
- t . l O S S g E - O t  
- 1 . 0 9 3 6 3 E - 0 1  
- - leO?O49E-Ol  
- - | e O 3 4 4 4 E - - O |  
-EeSSmT4E-QZ 
- 9 . 2 6 3 6 6 E - 0 2  
*SeS3605E-02  
- ? e T | 4 3 H E * O i  
- 6 0 7 q l S I S E - O 8  
- 5 . ' I ' S e S U E - O l  
-4 .?ETSEE-OS 
*SeSSTESE-02 
- 2 * ~ 2 3 7 E E - 0 2  
- | . 2 1 9 4 6 E - 0 2  

0 * 0  
1 0 5 1 9 5 9 E - O 2  
3 . 0 2 3 4 0 E - 0 2  
404S60**~-02 
SeSEITBE*OJ 
? . 2 8 S ? 0 E - 0 2  
8eSTSEIE-02  
E . T / ' 9 6 2 E - 0 2  
~00883~E~0|  
I e 1 8 7 7 0 E - 0 1  
1 . 2 7 8 1 1 m - 0 |  
| * 3 4 9 g s E - O |  
l e I l l 3 ~ E - O I  
| * 4 6 8 8 1 E - O I  
1 . 4 g t ~ E E - O |  
1 0 5 1 0 4 H - 0 1  
1 4 5 1 4 1 6 E - 0 1  

N EGDY 

! * 2 8 6 0 0 E  O0 
| , 2 8 6 0 0 E  O0 
| * 2 8 6 0 0 E  O0 
1 . | 8 6 0 0 ~  O0 
! . 2 8 6 0 0 E  O0 
1 o 2 8 6 0 0 E  O0 
| e E E S O 0 ~  O0 
1 . Z 8 6 0 0 E  O0 
| . E E 6 O O E  O0 
1 . 2 8 6 0 0 E  O0 
| e 2 8 6 0 0 E  O0 
1.20600E O0 
1 .28600E O0 
| .ESeOOE O0 
|o20GOOE SO 
|eEE6OOE O0 
l e 2 8 e o o E  O0 
l e E E 6 0 O E  O0 
1 .26GOOE O0 
| o~8600E O0 
I . S M O O E  O0 
l o 2 6 6 0 0 E  O0 
| e 2 8 6 0 0 E  O0 
1 . 2 8 6 0 0 E  O0 
1 . | 8 6 0 0 E  O0 
| eEESOOE O0 
t*EE6OOE O0 
| 028600E  O0 
| . 2 8 6 0 0 E  O0 
l . E E S O O E  O0 
$ * 2 8 6 0 0 E  O0 
I . 2 6 6 0 0 E  O0 
I . S 8 6 0 0 E  O0 
l * 3 9 R O 3 E  O0 YES 
1039203E O0 YES 

. I *39EOSE O0 YES 
| . 3 ~ 1 ~ 0 3 E  O0 YES 
l * 3 9 E O 3 E  SO YES 
1*39203E OO YES 
| . 3 9 2 0 3 E  O0 YES 
1 .39203E  O0 VES 
| * 3 9 2 0 3 E  O~ YES 
|e39203E O0 YES 
1*39203E O0 YES 
| e 3 9 2 0 3 E  O0 YES 
| e S E E O S E  O0 YES 
I 0 3 9 2 0 3 E  O0 YES 
| * 3 9 2 0 3 E  O0 YES 
| e S E Z O S E  O0 "YES 
leSgEO3E O0 YES 

m 
' c 3  

c~ 

:3o 

co 

co 



NO. 

NACH 4 NOZZLE ( G : I * 2 4 1  

ZE ~ 2 . 0 5 0 0 0 [ - 0 1  

P 

STEP NO* 

RHO THEy& P S I  E o o v  

O0 

301  
3O2 
3 0 3  
3 0 4  
3 3 5  
3 0 ~  
3 0 7  
3 o e  
3 0 9  
3 1 o  
31 l 
3 1 2  
3 1 3  
3 1 4  
3 1 8  
3 1 6  
3 1 7  
3 I S  
3 1 9  
32O 
3 2 t  
3 2 2  
3 2 3  
3 2 4  
3 2 5  
3 2 6  
3 2 ?  
3 2 8  
3 2 9  
3 3 0  
331  
3 3 2  
3 3 3  
3 3 4  
3 3 5  
3 3 6  
3 3 7  
3 3 8  
3 3 9  
3 4 2  
3 4 1  
3 4 2  
3 4 3  
3 4 4  
3 4 5  
3 4 6  

- 1 0 2 6 2 ~ ? E - 0 1  
- 2 . 2 5 9 2 9 1 [ - 0 1  
- 3 . 2 3 3 6 4 2 - 0 1  
- 4 . | 7 5 8 6 2 - O l  
- 5 . 0 T 6 5 9 2 - 0 1  
- - 5 e 9 2 6 8 5 2 - - 0 1  
- 6 . 7 1 8 2 1 E - 0 1  
- - 7 . 4 4 2 2 | E - 0 1  
- ~ . 0 9 3 4 4 E - - 0 1  
- 8 . 6 2 3 6 2 2 - 0 1  
- 9 , 1 4 7 7 1 E - 0 1  
- - 9 . 5 4 0 8 8 [ - - 0 |  
- 9 * 8 3 9 2 3 2 - 0 1  
- 1 e Q 0 3 9 8 2  O0 
- 1 . 0 1 4 0 6 E  O0 
- 1 0 0 1 4 0 6 2  00" 
- 1 0 0 0 3 9 8 8  0 0  
- 9 * 8 3 9 2 4 2 - 0 1  
- 9 , 5 4 0 2 9 E - 0 |  
- 9 ° 1 4 7 7 3 E - 0 |  
- E . G G 3 6 4 [ - O t  
- 8 . 0 9 3 4 6 2 - 0 1  
- - 7 e 4 4 2 8 4 [ - - 0 |  
- 6 . 7 1 8 2 4 E - 0 1  
- 5 . 9 2 6 8 8 2 - 0 1  
- 5 . 0 7 6 6 2 E - 0 |  
- 4 ° l ? E q O E - O t  
- 3 e 2 3 3 6 8 [ - 0 1  
- 2 . 2 5 9 3 6 2 - 0 1  
- 1 0 2 6 2 5 4 2 - 0 1  
- 2 2 5 3 1 ? 0 2 - 0 2  

7 . 5 8 7 1 1 ' 1 [ - 0 2  
1 * 7 6 3 0 2 2 - 0 1  
2 0 7 4 9 8 4 E - - 0 1  
3 ° 7 0 9 3 4 2 - 0 1  
4 * 6 3 1 9 3 2 - 0 1  
5 , 5 0 8 5 3 £ - 0 1  
6 . 3 3 0 3 8 ~ - 0 |  
? , 0 2 9 3 1 2 - 0 1  
7 . 7 7 7 7 6 2 - 0 1  
2 * 3 8 8 9 3 2 - 0 |  
8 e 9 1 6 ~ 4 2 - 0 1  
9 * 3 5 5 9 0 2 - 0 1  
9 * T 0 2 1 0 2 - 0 |  
9 ° g 5 1 6 8 2 - 0 1  
| . O I O 2 T E  0 0  

| . 0 0 7 4 4 1 [  0 0  
9 , 8 9 8 6 ~ E - 0 1  
9 , 6 2 4 5 0 2 - 0 1  
9 6 2 5 4 7 1 E - 0 |  
8 , 7 9 2 9 3 1 [ - 0 1  
8 . 2 4 3 7 7 2 - 0 1  
7 . 6 1 2 6 ~ - 0 1  
6 e 9 0 5 9 4 2 - 0 t  
6 , | 3 0 5 6 2 - 0 1  
5 . 2 ~ 4 2 5 2 - 0 1  
4 . 4 0 3 3 2 1 ! - 0 1  
3 , 4 F 2 6 | E - 0 |  
2 . 5 0 3 4 ~ - 0 1  
1 * 5 1 3 2 " r e - 0 1  
5 e 0 6 1 1 2 2 - 0 2  

- 5 . 0 6 0 7 0 E - 0 2  
- 1 , 5 1 3 2 3 2 - 0 1  
- 2 . 5 0 2 3 6 2 - 0 1  
- 3 . 4 7 2 5 7 2 - O t  
- - 4 . 4 3 5 2 9 2 - 0 ~  
- 5 . 2 9 4 2 2 [ - - 0 1  
- 6 .  I 3 0 5 2 E - 0 1  
- 6 . g O E g I E - O I  
- 7 . 6 1 2 6 6 E - 0 |  
- 8 * 2 4 3 7 6 E - O I  
- 8 . 7 9 2 9 t E - 0 |  
- 9 . 2 5 4 6 9 2 - 0 1  
- 9 0 6 2 4 4 9 2 - 0 |  
- 9 . 8 ~ 8 6 2 [ - 0 |  
- 1 * 0 0 7 4 4 E  O0 
- h O 1 5 0 0 E  O0 
- 1 . 0 1 2 4 8 2  O0 
- 9 * 9 9 8 9 6 2 - 0 1  
- 9 * ? 7 3 7 3 2 - 0 1  
- 9 . 4 5 1 3 6 [ - 0 |  
- 9 . 9 3 5 0 8 E - 0 Z  
- 8 . 5 2 8 9 8 [ - 0 1  
- ? . 9 3 8 1 2 2 - 0 1  
- 7 . 2 6 8 3 6 2 - 0 1  
- 6 , 5 2 6 4 0 2 - 0 1  
- 5 , 7 1 9 5 5 2 - 0 1  
- 4 0 8 5 5 8 5 2 - 0 1  
- 3 ° 9 4 3 9 2 2 - 0 1  
- 2 , 9 9 2 7 6 E - 0 1  
- ? . ~ 1 1 8 2 2 - 0 1  
- 1 , 0 1 0 9 7 2 - 0 1  

3 . 3 9 5 3 0 2  01 
3 , 3 9 3 3 0 2  Ot 
3 . 3 9 5 3 0 ~  01 
3 , $ 9 5 3 0 2 .  01 
3 0 3 9 5 3 0 2  01 
3 * 3 9 5 3 0 2  Oi 
3 . 3 9 5 3 0 2  0 l  
3 * 3 9 3 3 0 2  01 
3 . 3 9 5 3 0 2  01 

• 3 . 3 9 5 3 0 2  0 |  
3 0 3 9 3 3 0 2  01 
3 * 3 9 5 3 0 2  OI 
3 0 3 9 5 3 0 2  OI 
3 e 3 9 5 3 0 E  01 
3 * 3 9 5 3 0 2  01 
3 * 3 9 5 3 0 2  01 
3 * 3 9 5 3 0 2  01 
3 * 3 9 5 3 0 2  Oi 
3 0 3 9 5 3 0 ~  01 
3 e 3 9 5 3 0 2  01 
3 . 3 9 5 3 0 2  Ot 
3 . 3 9 5 3 0 2  01 
3 . 3 9 3 3 0 ~  01 
3 * 3 9 5 3 0 E  01 
3 . 3 9 5 3 0 [  01 
3 * 3 9 5 3 0 2  0J 
3 e 3 9 3 3 0 E  01 
3 * 3 Q S 3 0 2  01 
3 * 3 9 ~ 3 0 2  01 
3 . 3 9 5 3 0 2  01 
3 0 3 9 5 2 0 F  O| 
3 * 3 9 5 3 0 2  01 
3 e 3 q 5 3 0 2  01 
3 , 3 9 5 3 0 ~  01 
3 . 3 9 5 3 0 4 [  O! 
3 . 3 9 5 3 0 2  01 
3 . 3 9 5 3  Iv: 01 
3 * 3 9 5 3 0 E  01 
3 * 3 9 5 3 0 ~  01 
3 • 3 9 5 3 0 E  ~ l  
3 . 3 9 5 3 0 [  01 
3 * 3 9 5 3 0 2  01 
3 e 3 9 5 3 0 2  01 
3 . 3 9 5 3 0 2  01 
3 e 3 9 5 3 0 2  ~ |  
3 . 3 9 5 3 0 E  01 

2 . 4 3 6 7 0 E - 0 4  
2 . 4 3 8 7 0 E - 0 4  
2 . 4 3 8 ? 0 [ - 0 4  
2 * 4 3 8 7 0 E - 0 4  
2 ° 4 3 8 7 0 E - 0 4  
2 . 4 3 8 7 0 2 - 0 4  
2 * 4 3 8 F 0 2 - 0 4  
2 ° 4 3 2 ' 7 0 2 - 0 4  
2 2 4 3 2 7 0 2 - 0 . 4  
2 * 4 3 8 7 0 E - 0 4  
2 e 4 3 8 T O E - 0 4  
2 * 4 3 2 7 0 E - - 0 4  
2 * 4 3 8 7 0 E - 0 4  
2 ° 4 3 2 7 0 E - 0 4  
2 , 4 3 8 7 0 E - 0 4  
2 , 8 3 8 T 0 2 - 0 4  
2 . 4 3 8 T O E - - 0 4  
2 . 4 3 8 7 0 2 - 0 4  
2 . 4 3 2 7 0 E - 0 4  
2 . 4 3 8 7 0 2 - 0 4  
2 e 4 3 E ? O E - - 0 4  
2 0 4 3 8 F 0 2 - 0 4  
2 . 4 3 2 7 0 E - 0 4  
2 * 4 3 8 T 0 2 - 0 4  
2 2 4 3 8 T 0 2 - 0 4  
2 * 4 3 3 7 0 2 - 0 4  
2 * 4 3 8 7 0 E - 0 4  
2 0 4 3 2 7 0 E - 0 4  
2 * 4 3 8 7 0 2 - 0 4  
2 * 4 3 8 T O E - 0 4  
2 0 4 3 8 ? 0 2 - 0 4  
2 * 4 3 8 7 0 2 - 0 4  
2 * 4 3 8 7 0 2 - - 0 4  
2 * 4 3 6 T O E - 0 4  
2 . 4 3 8 T 0 2 - 0 4  
2 ° 4 3 8 7 0 E - 0 4  
2 * 4 3 8 7 0 2 - 0 4  
2 0 4 3 0 ? 0 2 - 0 4  
2 , 4 3 6 7 0 E - 0 4  
2 * 4 3 8 7 0 2 - 0 4  
2 2 4 3 2 7 0 2 - 0 4  
2 0 4 3 8 1 0 2 - 0 4  
2 0 4 3 8 7 0 2 - 0 4  
2 * 4 3 6 7 0 E - 0 4  
2 * 4 3 8 7 0 E - 0 4  
2 e 4 3 2 ? O E - 0 4  

" 5 * 7 8 3 8 8 2  0 2  
3 ° 7 3 3 8 8 2  0 ~  
S * 7 8 3 8 8 2  0 2  
5 ° 7 8 3 2 2 2  0E 
5 * 7 8 3 8 8 2  0 2  
5 , 7 8 3 8 8 2  0 2  
5 * 7 8 3 8 8 2  0 2  
5 0 7 8 3 8 8 2  08  
5 * 7 8 3 8 3 2  0 2  
S , 7 8 3 2 2 2  0 2  
f l * 7 8 3 8 8 2  02  
5 . 7 8 3 8 8 2  0 2  
5 . 7 8 3 8 8 2  02  
5 * 7 8 3 8 8 2  0 2  
3 0 7 8 3 8 8 2  0 2  
~ , T 8 3 8 6 E  02  
S * ? 8 3 6 S E  02  
S . 7 8 3 8 2 2  0 2  
5 . 7 8 3 8 8 E  0 2  
5 . 7 8 3 8 2 2  0 2  
~ e T a 3 8 8 E  O~ 
5 0 7 8 3 8 6 2  0 2  
5 . 7 8 3 8 8 2  0 2  
5eFO3SSE 0 2  
5 * 7 8 3 8 8 2  02  
5 . 7 8 3 3 8 2  0~  
5 ° 7 8 3 0 8 2  0 2  
5 * 7 8 3 8 8 E  0 2  
5 . 7 8 3 8 6 E  0 2  
5 . 7 8 3 8 8 2  0 2  
5 * 7 8 3 8 0 2  0 2  
5 ° 7 8 3 8 3 E  0 2  
6 , 7 8 3 8 8 E  0 2  
5 * 7 6 3 8 8 2  02  
5 e F 8 3 8 8 2  0 2  
5 0 7 0 3 8 8 2  0 2  
5 . 7 2 3 8 8 E  0 2  
5 * 7 8 3 8 2 E  0 2  
5 0 7 8 3 8 8 E  02  
5 . 7 8 3 6 8 2  0 2  
5 * ? E Z 8 2 E  02  
5 * 7 8 3 8 8 E  0 2  
5 . 7 8 3 6 2 2  0 2  
5 . 7 8 3 8 8 2  02  
S ° 7 8 3 8 2 2  02  
5 0 ? 8 3 8 8 1 [  0 2  

- 1 . 8 ? 6 2 3 2 - 0 2  
- 3 e 3 6 8 0 9 2 - 0 2  
- 4 * 8 0 7 2 6 2 - 0 2  
- 6 0 2 0 9 6 1 E - 0 2  
- 7 * 5 5 1 3 2 2 - 0 2  
- 8 , 8 1 9 1 4 E - 0 2  
- ! , 0 0 0 0 4 2 - 0 1  
- I 0 1 2 8 3 2 2 - 0 t  
- 1 ° 2 0 5 6 6 E - 0 1  
- | 0 2 9 | 0 6 2 - 0 t  
- | , 3 6 3 6 3 2 - 9 1  
- l • 4 2 2 6 3 2 - 0 1  
- | 0 4 6 7 4 4 E - 2 1  
- - 1 . 4 9 7 5 7 E - 0 1  
- 1 0 5 1 2 7 2 2 - 0 1  
- t . S | 2 7 2 E - 0 t  
- J * 4 9 7 5 ? E - 0 1  
- I . 4 6 7 4 4 E - 0 1  
- ! . 4 2 2 6 4 2 - 0 |  
- l e 3 6 3 6 4 2 - 0 1  
- - t ~ 2 9 t 0 6 E - 0 t  
- I , 2 0 5 6 6 E - 0 1  
- 1 * ! 0 8 3 2 2 - 0 1  
- 1 , 0 0 0 0 4 2 - 0 1  
- 8 2 8 1 9 1 7 2 - 0 2  
- 7 , E 3 1 3 8 F . . - 0 2  
- 6 e 2 0 9 6 7 E - - 0 2  
- 4 0 8 0 7 3 2 E - 0 2  
- 3 * 3 3 8 2 0 2 - 0 2  
- - ! e 8 7 6 3 3 2 - 0 2  
- 3 * 7 6 2 2 9 2 - 0 3  

1 , | 2 7 5 3 2 - 0 2  
2 e 6 2 0 2 6 [ - - 0 2  
4 * O B T 6 0 E - 0 ~  
5 . S l S t 3 E - 0 ~  
6 * 8 8 8 8 1 2 - - 2 2  
5 * 1 9 5 2 2 2 - 0 2  
9 , 4 2 1 3 1 2 - 0 2  
1 . 0 5 5 4 8 2 - 0 1  
1 . 1 5 8 4 2 2 - 0 1  
1 . 2 4 9 9 0 E - 0 1  
1 * 3 2 9 0 0 2 - 0 1  
| . 3 9 4 8 7 2 - 0 1  
1 . 4 4 2 8 4 2 - 0 1  
| e 6 8 4 3 6 E - 0 1  
l e S O ? 0 3 E - O I  

1 . E 0 3 0 4 2 - 0 1  
I • 8 7 7 2 0 2 - 0 1  
1 . 4 3 6 8 6 E - 0 1  
I . 3 8 2 3 T E - 0 1  
l e 3 1 4 2 0 2 - - 0 1  
1 * 2 3 2 9 8 2 - 0 1  
| , 1 3 9 4 4 2 - - 0 t  
1 . 0 3 4 4 5 E - 0 1  
9 , 1 8 9 9 8 E - 0 2  
? . 9 4 1 9 9 E - 0 2  
6 e 6 1 2 7 7 2 - 0 2  
S . E t S 5 1 q [ - 0 2  
3 . 7 0 4 5 3 1 [ - 0 2  
~ e 2 7 4 4 m J : - - 0 2  
7 o 6 2 8 1 3 2 - 0 3  

- 7 . 6 0 7 5 0 2 - 0 3  
- 2 * E T 4 4 2 E - 0 2  
- 3 0 7 e 4 4 7 E - 0 2  
- 5 . 2 | 5 5 | E - 0 2  
- 6 * 6 1 2 7 ~ - 0 2  
- ? ~ 4 1 q 4 2 - - 0 2  
- g 0 1 8 9 9 3 2 - 0 2  
- - 1 e 0 3 4 4 S E - - 0 1  
- ! 0 | 3 9 4 4 2 - 0 1  
- l e 2 3 2 9 8 2 - 0 1  
- 1 . $ 1 4 2 0 2 - 0 1  
- I 0 3 8 2 3 2 E - 0 1  
- I * 4 3 6 0 2 2 - 0 |  
- 1 . 4 7 7 2 Q [ - 0 1  
- l e 5 0 3 0 4 2 - 0 |  
- 1 , 5 1 4 1 6 [ - 0 1  
- 1 * 6 1 0 4 5 2 - 0 1  
- 1 ° 4 9 1 3 5 E - 0 1  
- t . 4 5 6 6 3 2 - 0 1  
- I . 4 1 1 3 6 2 - 0 1  
- i . 3 4 9 9 6 2 - 0 1  
- 1 . Z ? E t g E - 0 1  
- | o l E T T O E - 0 |  
- i , 0 2 8 3 2 2 - 0 1  
- 9 , 7 7 9 ? 0 2 - 0 2  
- 8 , S T e g E l [ - 0 2  
- 7 . ~ 2 6 7 6 E - - 0 2  
- 5 * 9 2 1 8 8 E - 0 2  
- 4 . 4 0 5 0 3 E - 0 2  
- 3 0 0 2 3 4 T E - 0 2  
- 1 e 0 1 9 6 5 E - 0 2  

| 0 3 9 2 0 3 E  0 5  
1 . 3 9 2 0 3 E  O0 
1 . 3 9 2 0 3 E  O0 
1 . 3 9 2 0 3 2  0 0  
l o 3 9 2 0 3 2  0 0  
1 , 3 9 2 0 3 2  O0 
1 , 3 9 2 0 3 E  O0 
1 , 3 9 2 0 3 2  0 0  
I , 3 9 2 0 3 2  O0 
1 0 3 9 2 0 3 2  O0 
1 , 3 9 2 0 3 2  0 0  
1 2 3 9 2 0 3 E  O0 
1 o 3 9 2 0 3 E  O0 
l • 3 9 2 0 3 E  O0 
t * 3 9 2 0 3 E  OO 
1 * Z 9 2 0 3 2  O0 
l e 3 9 2 0 3 E  O0 
1 . 3 9 2 0 3 2  O0 
1 0 3 9 2 0 Z E  O0 
1 ° 3 9 2 0 3 2  0 0  
| * 3 9 2 0 3 2  0O 
1 . 3 9 2 0 3 2  0 0  
1 ° 3 9 2 0 3 E  O0 
| 0 3 9 2 0 3 2  O0 
1 * 3 9 2 0 3 2  O0 
1 * 3 9 2 0 3 E  O0 
1 2 3 9 2 0 3 2  O0 
I 0 3 9 2 0 3 E  O0 
l * ] q 2 0 3 E  O~ 
1 * 3 9 2 0 3 E  O0 
1 . 3 9 2 0 3 2  O0 
h 3 9 2 0 3 2  O0 
I 0 3 9 2 0 3 E  O0 
1 e 3 9 2 0 3 E  OO 
1 * 3 9 2 0 3 2  0O 
l e 3 9 2 0 3 2  00  
1 , 3 9 2 0 3 E  O0 
1 0 3 9 2 0 3 2  O0 
l e 3 9 2 0 3 E  0 0  
1 , 3 9 2 0 3 2  O0 
1 , 3 9 2 0 3 2  O0 
| e 3 9 2 0 3 2  0 0  
1 * 3 9 2 0 3 2  O0 
1 ° 3 9 2 0 3 E  O0 
1 , 3 9 2 0 3 2  O0 
1 , 3 9 2 0 3 2  O0 

YES 
YEs  
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 
YES 

m 
C~ 
¢)  

"n 

CO 

CO 



O0 
F.) 

NO,  

NA¢N 4 NOZZLH 

BODY P O I N T S  AT ZE = 2 , 0 5 0 0 0 ~ . - 0 1  

X y P 

2 8 4  I * 0 1 5 3 2 E  0 0  0 0 0  
2 8 5  1 . 0 1 0 2 ? E  0 0  1 * 0 | 0 9 3 E - 0 1  
2 8 6  9 . 9 5 1 8 9 [ - 0 1  2 * 0 1 1 8 2 E - 0 1  
2 8 7  9 0 7 0 2 1 2 E - 0 1  2 0 9 9 2 7 | E - 0 1  
2 8 8  9 0 3 5 5 9 3 9 - 0 1  2 . 9 4 3 8 5 1 ~ - 0 |  
2 8 9  8 e 9 1 6 7 6 [ - - 0 1  4 o 8 5 5 8 0 [ - 0 1  
2 9 0  8 . 3 8 8 9 7 9 - 0 1  5 . 7 1 9 5 0 9 - 0 1  
291  7 0 7 7 7 8 0 [ - - 0 t  6 0 5 2 6 3 5 9 - 0 |  
2 9 2  ~ 0 0 8 9 3 4 [ - - 0 1  7 . 2 6 8 3 3 E - 0 1  
2 9 3  ~ * 3 3 0 4 2 E - - 0 I  ? * 9 3 5 0 9 9 - 0 1  
2 9 4  5 0 ! 5 0 8 5 8 9 - 0 1  8 . 5 2 8 9 5 9 - 0 |  
2 9 5  4 . 6 3 2 0 1 [ - 0 t  9 . 0 3 5 0 4 [ - 0 1  
2 9 6  3 o 7 0 9 3 9 1 [ - 0 1  9 0 4 5 | 3 4 E - 0 1  
2 9 ?  2 . 7 4 9 9 1 9 - 0 1  9 0 7 7 3 7 | E - 0 |  
2 9 8  1 . 7 6 3 1 0 £ - 0 1  9 e 9 9 8 9 S [ - 0 1  
2 9 9  ? . 5 8 7 5 9 [ - 0 2  1 . 0 1 2 t 8 9  O0 
3~0  - 2 . 5 3 1 0 9 E - ~ 2  l . o i s o ~ q [  SO 
301  - I * 2 6 2 4 ? ~ - - 0 1  1 . 0 0 7 4 4 9  0 0  
3 0 2  - 2 o 2 5 9 2 9 2 - 0 1  9 , 2 9 8 6 4 9 - 0 |  
3 0 3  - 3 . 2 3 3 6 4 [ - - 0 1  9 0 6 2 4 5 0 E - @ 1  
3 0 4  - 4 o 1 7 5 2 6 1 [ - 0 1  9 * 2 5 4 7 1 E - 0 1  
3OS " 5 e 0 7 6 5 9 [ - 0 |  8 * 7 9 2 9 3 E - 0 1  
3 0 6  - 5 ~ 9 2 6 8 5 [ - 0 1  8 , 2 ~ 3 7 7 [ - 0 1  
3 0 7  - 6 * F I 2 2 1 E - 0 1  7 o 6 1 2 6 9 1 [ - 0 1  
3 0 2  - 7 0 ~ 4 2 2 1 E - 0 1  6 , 9 0 5 9 4 9 - 0 1  
3 ~ 9  - 8 * 0 9 3 4 4 ~ - 0 1  6 . 1 3 0 3 6 9 - 0 1  
3 1 0  - - 8 , 6 6 3 6 2 F - - 0 |  5 * 2 0 4 2 5 9 - 0 1  
311  0 9 . I 4 7 7 1 2 - 0 1  4 0 4 0 5 3 2 E - 0 1  
3 1 2  - 9 * 5 4 0 8 2 E - - 0 1  3 * 4 ? 2 6 1 9 - 0 1  
3 1 3  - 9 0 8 3 9 2 3 [ - - 0 1  2 0 5 0 5 4 0 E - 0 1  
3 1 4  - ! 0 0 0 3 9 8 9  Oq 1 . 5 1 3 2 7 E - 0 1  
~ 1 5  - 1 * 0 1 4 0 6 9  0 ~  5 * 0 6 1 1 2 9 - 0 2  
3 1 6  - ! . 0 1 4 0 6 E  O0 - S e O f l O 7 0 E - - 0 2  
3 1 7  - ! * 0 0 3 9 8 9  0 0  - I * S 1 3 2 3 [ - O t  
3 1 8  - 9 . 8 3 9 2 4 E - - 0 1  - 2 . 5 0 5 3 2 9 - 0 t  
3 1 9  - 9 0 S 4 0 8 9 [ - - 0 1  - 3 . 4 7 ~ 5 ~ E - - O l  

• 3 2 0  - 9 . 1 4 Y 7 3 [ - 0 1  - 4 0 4 0 5 2 ~ - 0 1  
321  - 8 . 6 6 3 6 4 [ - - 0 1  - S e 2 9 4 2 L : ~ - O |  
3 2 2  - 8 0 0 9 3 4 6 E - 0 1  - 6 * 1 3 0 5 2 E - - 0 1  
3 2 3  - ? . 4 4 2 8 6 E - - 0 1  - 6 * 9 0 ~ 9 1 9 - 0 J  
3 2 4  - 6 ~ 7 1 8 2 4 [ - 0 1  - 7 . 6 1 2 6 2 [ - 0 1  
3 2 S  - 5 * 9 2 6 8 2 £ - 0 1  - 2 * 2 4 3 7 6 2 - 0 1  
3 2 6  - S O S ? 6 6 2 [ - 0 1  - 8 * 7 9 2 9 1 9 - 0 1  
3 2 7  - 4 , 1 7 5 9 0 [ - - 0 1  - 9 , 2 9 4 ~ 9 E - 0 1  
3 2 8  - 3 . 2 3 3 6 8 9 - 0 1  - 9 . 6 2 ~ 4 9 9 * 0 1  
3 2 9  - 2 0 2 5 9 3 6 9 - - 0 1  - 9 * 8 9 8 6 2 E - 0 1  
3 3 0  - t 0 2 6 2 5 4 9 - 0 1  - | 0 0 0 7 4 6 2  O0 
331 0 2 , $ 3 1 7 0 9 - 0 2  - I , 0 | 2 0 0 E  O0 
3 3 2  7 e f 1 8 7 1 7 9 - - 0 2  - i . 0 1 2 4 8 9  O0 
3 2 3  1 0 7 6 3 0 2 9 - 0 |  - 9 ° 9 9 8 9 6 [ - 0 1  
3 3 4  2 . 7 4 9 8 4 [ - 0 1  - 9 * ? 7 3 7 3 E - 0 |  
3 3 5  3 * 7 0 9 3 4 9 - 0 |  - 9 0 4 S ! 3 6 ~ - - 0 |  
3 3 6  4 e 6 3 | 9 3 9 - 0 |  - 9 0 0 3 5 0 6 9 - 0 |  

( G w l . 2 4 )  

3 . 3 9 5 3 0 [  ~1 
3 * 3 9 5 3 0 E  Ot 
~ 0 3 9 S 3 0 9  Ol 
3 0 3 9 5 3 0 9  01 
3 . 3 9 5 3 0 E  Ol 
3 0 3 9 5 3 0 9  01 
3 0 3 9 5 3 0 E  Ol  
3*  ~ 9 5 3 0 9  01 
3 0 2 9 5 3 0 E  01 
3 .  3 9 5 3 0 [  OI 
3 0 3 9 5 3 0 9  01 
3 .  3 9 5 3 0 9  01 
3 .  3 9 5 3 0 E  S t  
3 . 3 9 5 3 0 9  01 
3 o 3 9 5 3 0 9  01 
3 , 3 9 5 3 0 9  01 
3 0 3 9 ~ 3 0 9  01 
3 .  3 9 5 3 0 9  01 
3 . 3 9 5 3 0 [  01 
3 0 3 9 5 3 ~ E  Ol 
3 0 3 9 S 3 0 9  01 
3 0 3 9 S 3 0 9  O| 
3 * 3 9 5 3 0 9  01 
3 0 3 9 5 3 0 9  01 
3 0 3 9 5 3 0 9  0 t  
3 * 3 9 5 3 0 E  01 
3 e 3 9 5 3 0 9  01 
3 o 3 9 5 3 0 9  0 |  
3 . 3 9 5 3 0 E  01 
3*395304[  01 
3 0 3 9 5 3 0 E  Ol 
3 0 3 9 5 3 0 E  Ol 
3 . 3 9 5 3 0 9  01 
3 0 3 9 5 3 0 9  01 
3 * 3 9 5 3 0 9  01 
3 0 3 9 5 3 0 9  01 
3 * 3 9 5 3 0 E  01 
3 0 3 9 S 3 0 ~  0 |  
3 o 3 9 5 3 0 9  0 |  
3 0 3 9 5 3 0 9  Ol 
3 0 3 9 5 3 0 9  ~1 
3 e 3 9 5 3 2 E  01 
3 * 3 9 5 3 0 9  01 
3 * 3 9 5 3 0 9  01 
3 * 3 9 [ 3 0 [  O| 
3 0 3 9 5 3 0 9  Oi 
3 0 3 9 5 3 0 [  O| 
3 . 3 9 5 3 0 [  01 
3 0 3 9 5 3 0 9 . 0 1  
3 o 3 9 9 3 0 9  01 
3 . 3 9 5 3 ~  01 
3 0 3 9 5 3 0 9  01 
3 o 3 9 6 5 0 9  OI 

STEP NQe 

RHG 

2 0 4 3 8 ? 0 [ - - 0 4  
2 . 4 3 9 7 0 [ - - 0 4  
2 . 4 3 8 ? 0 E - 0 4  
2 * 4 3 8 7 0 9 " - 0 4  
2 e 4 3 8 7 0 E - - 0 4  
2 . 4 3 0 7 0 ~ - - 0 4  
2 0 4 3 8 7 0 E - 0 4  
2 . 4 3 8 7 0 [ 0 0 4  
2 * 4 3 8 7 0 9 - 0 4  
2 o 4 3 8 7 0 E - 0 4  
2 * 4 3 8 7 0 [ - - 0 4  
2 0 4 3 8 7 0 [ - 0 4  
2 . 4 3 B ~ 0 [ - 0 4  
2 0 4 3 8 7 0 E - 0 4  
2 * 4 3 8 7 0 9 - - 0 4  
R e 4 3 8 7 0 E - 0 4  
2 , 4 3 8 7 0 [ - - 0 4  
2 0 4 3 8 7 0 E - 0 4  
2 0 4 3 8 ~ 0 9 - 0 4  
2 * 4 3 8 7 0 [ - 0 4  
2 0 4 3 8 7 0 9 - 0 4  
2 * 4 3 8 7 0 E - 0 4  
2 * 4 3 8 ~ 0 2 - 0 4  
2 0 4 3 8 7 0 9 - - 0 4  
P 0 4 3 8 7 0 C - 0 4  
2 0 4 3 6 7 0 9 " 0 4  
2 0 4 3 ~ 7 0 [ - 0 4  
2 0 4 3 8 7 0 E - 0 4  
~ 0 4 3 8 7 0 E - 0 4  
2 . 4 3 8 7 0 9 - - 0 4  
2 e 4 3 8 7 0 [ ~ 0 4  
2 e 4 3 8 7 0 E - - ~ 4  
2 0 4 3 8 7 0 9 - 0 4  
2 . 4 3 8 7 0 E - 0 4  
2 . 4 3 8 T 0 [ - - 0 4  
2 * 4 3 2 7 0 ~ - - 0 4  
2 * 4 3 8 7 0 9 - 0 4  
2 0 4 3 8 7 0 [ - - 0 4  
2 * 4 3 8 7 0 9 0 0 4  
2 e 4 3 0 7 0 [ - 0 4  

2 * 4 3 8 T 0 9 - 0 4 "  
2 0 4 3 8 7 0 2 - 0 4  
2 0 4 3 8 7 0 E " 0 4  
2 * 4 3 8 7 0 E - 0 4  
2 . 4 3 2 7 0 ~ - - 0 4  
2 ~ 4 3 2 Y 0 2 - 0 4  
2 0 4 3 2 7 0 [ - - 0 4  
2 . 4 3 8 7 0 [ - - 0 4  
2 * 4 3 6 7 0 E - - 0 4  
2 ° 4 3 8 Y 0 E - - 0 4  
2 e 4 3 6 7 0 [ - 0 4  
E * 4 3 8 7 0 E - 0 4  

0 

0 

5 o ? A 3 8 8 [  0 2  
5 . 7 8 3 8 8 [  0 2  
5 * T S ~ S S E  02  
5 . 7 8 3 8 8 E  0 2  
5 . ? 5 3 8 8 8  0 2  
5 , 7 3 3 8 8 E  02  
5 . 7 5 3 6 8 [  02  
5 . 7 8 3 0 8 [  02  
5 * 7 8 3 8 8 9  0 2  
5 * 7 8 3 8 8 9  0 2  
S . ? 8 3 8 8 E  0 2  
5 * 7 8 3 8 8 9  02  
5 . 7 8 3 8 8 [  0 2  
5 0 7 8 3 6 8 E  0 2  
5 . 7 8 3 8 8 E  02  

• 5 . F 6 3 8 8 [  0 2  
5 = 7 8 3 8 8 E  02  
5 . 7 8 3 8 8 E  02  
5 * Y 8 3 8 8 E  02  
5 . 7 8 3 8 8 9  02  
S*TBSBBE 02  
S o F S 3 8 8 E  02  
5 . T 9 3 8 8 £  02  
5 ~ 7 8 3 8 8 9  02  
5 o T 8 3 8 8 9  02  
S * 7 6 3 8 8 E  02  

• 5 e ? 8 3 8 8 [  02  
5 . 7 8 3 8 8 E  02  
5 . 7 6 3 8 8 E  02  
3 0 7 8 3 8 8 [  02  
5 0 T 8 3 8 8 9  02  
S * ? 8 3 8 8 E  02  
S . 7 8 3 8 8 [  02  
5 0 7 8 3 6 6 9  02  
5 . 7 8 3 8 8 E  0 2  
$ . 7 9 3 8 8 E  02  
5 , ? 8 3 8 8 9  OZ 
5 0 F 8 3 8 8 E  0 2  
5 . 7 8 3 8 8 E  02  
5 * 7 8 3 8 8 E  02  
5 * 7 8 3 6 8 E  0 2  
5 0 7 8 3 8 8 E  02  
S E T 8 3 8 [ [  02  
5 . 7 8 3 8 8 E  0 2  
5 0 7 8 3 6 8 9  0 2  
5 o 7 8 3 8 8 E  02  
5 * ? 8 3 8 8 E  0 2  
5 e 7 8 3 8 8 E  02  
S . ? 8 3 8 8 E  02  
5 * 7 8 3 8 8 E  0 2  
~ . T 8 3 8 8 E  0 2  
S * ? 8 3 8 8 E  0 2  
5 0 7 8 3 8 8 f f  02  

THETA 

l o 5 1 4 6 2 [ - 0 1  
1 . 3 0 7 0 3 9 - 0 1  
t . 4 8 4 3 6 9 - 0 I  
1 " . 4 4 6 8 4 9 - 0 |  
! . 3 9 4 8 7 9 - 0 I  
l o 3 2 9 0 0 [ - 0 1  
1 . 2 4 9 9 1 [ - 0 1  
I . i 5 8 4 2 [ - 9 1  
1 . 0 3 5 4 8 [ - 0 1  
9 . 4 2 1 3 7 1 [ - 0 2  
8 0 1 9 5 3 0 [ - 0 2  
6 * 8 9 8 9 2 1 [ - 0 2  

• 5 0 5 1 5 2 0 9 - 0 2  
4 * 0 8 7 ? 0 9 - 0 2  
2 e 6 2 0 2 8 E - 0 2  
1 * 1 2 T 5 9 9 - 0 2  

- 3 . 7 6 t 3 9 [ - - 0 3  
- I o 8 7 6 2 3 [ - 0 2  
- 3 . 3 S 8 0 9 9 - 0 Z  
- 4 o 8 0 7 2 6 [ - - 0 2  
- 6 0 2 0 9 6 1 9 - - 0 2  
- ? . 5 5 1 3 2 9 - 0 2  
- 8 0 8 1 9 | 4 [ - O 2  
- 1 * 0 0 0 0 4 9 - 0 1  
- I , 1 0 8 3 2 [ - 0 1  
- 1 . 2 0 5 6 6 E - 0 1  
- 1 * 2 9 1 0 6 9 - 0 1  
- l o 3 6 3 6 3 [ - 0 1  
- 1 . 4 2 2 6 3 9 - 0 I  
- l e 4 6 7 4 4 E - 0 |  
- 1 * 4 9 7 5 7 9 - 0 |  
- 1 * 9 1 2 7 2 E - 0 1  
- l e S 1 2 7 2 9 - 0 1  
- 1 . 4 9 7 5 7 £ - 0 |  
- | . 4 6 7 4 4 9 - 0 1  
- I 0 4 2 2 6 4 9 - 0 1  
- 1 0 3 6 3 6 6 [ - 0 |  
- i . 2 9 1 0 6 [ - 0 1  
- 1 0 2 0 5 6 6 E - 0 1  
- I o 1 0 8 3 ~ E - 0 t  
- | o 0 0 0 0 4 E - 0 1  
- 8 , 8 1 9 1 7 1 [ - 0 2  
- 7 . $ 5 1 3 8 [ - 0 2  
- 6 o 2 0 9 6 F E - 0 2  
0 4 0 9 0 7 3 2 9 - 0 2  
- 3 e 3 5 8 2 0 E - 0 2  
- | * 9 7 6 3 , 3 9 - 0 2  
- - 3 0 ? 6 2 2 9 9 - 0 3  

| o l 2 T S 3 E - 0 2  
2 * 6 2 0 2 6 E - 0 2  
4 0 0 8 7 6 0 9 - 0 2  
5 * S l S 1 3 E - 0 2  
6 e 8 8 6 6 | E - 0 2  

P 5 !  

0 o 0  
| . S I S S g E - 0 2  
3 . 0 2 3 4 0 9 - 0 2  
4 . 4 0 S 8 4 9 - ~ 2  
S . 9 2 1 7 8 9 - 0 2  
? * 2 8 6 7 0 9 : - 0 2  
8 0 5 7 6 9 | [ - 0 2  
9 , 7 ? 9 6 2 [ - - 0 2  
1 . 0 8 8 3 2 9 - 0 1  
1 0 1 0 7 7 0 9 - ~ 1  
1 * 2 7 ~ 1 8 9 - - 0 |  
l e 2 4 9 9 0 4 [ - 0 |  
1 . 4 1 1 3 5 9 - - 0 |  
1 , 4 5 8 8 2 9 - 0 1  
h 4 9 1 9 S E - 0 1  
1 0 S 1 0 4 5 9 - 0 1  
l o 5 1 4 1 6 1 [ - - 0 1  
1 . 5 0 3 0 4 E - 0 1  
| , 4 7 7 2 0 E - - 0 1  
1 . 4 3 0 8 0 E - O l  
I . 3 8 2 3 7 9 - 0 1  
1 . 3 1 4 2 0 9 - 0 1  
I o Z S I g 8 [ - 0 1  
I . 1 3 9 ~ 4 E - - 0 1  
1 . 0 3 4 4 S F - - 0 1  
9 e 1 8 S 9 8 9 - - 0 2  
7 * 9 4 1 9 9 [ - 0 2  
6 e O I Z 7 7 E - 0 2  
[ . 2 1 ~ 8 7 E - 0 2  
3 0 ? 6 4 5 3 9 - 0 2  
N e 2 7 4 4 2 E - - 0 2  
7 * 6 0 8 1 7 9 - 0 3  

- ? * G 0 7 5 0 9 - 0 3  
- 2 0 2 7 4 4 2 9 - - 0 2  
- - 3 * 7 6 4 4 7 1 [ - 0 2  
- 5 * 2 1 5 ~ 1 9 - 0 2  
- 6 0 6 | 2 7 2 [ - 0 2  
- - 7 * 9 4 1 9 4 [ - 0 2  
- 9 0 1 0 9 9 3 E - 0 2  
- | * 0 3 4 4 5 9 - 0 1  
- l e I 3 9 4 4 9 ~ 0 1  
- | . 2 3 2 9 8 9 - 0 1  
- | 0 3 1 4 2 0 E - 0 1  
- 1 , 3 8 2 3 6 9 - 0 1  
- i . 4 3 0 8 6 9 - - 0 1  
- | * 4 7 7 2 0 E - 0 |  
- I , 5 0 S 0 4 9 - 0 1  
- h 5 1 4 1 6 9 - 0 1  
- | o S | 0 4 9 9 - 0 1  
- 1 . 4 9 1 9 S E - 0 1  
0 1 * 4 5 8 8 3 9 - 0 1  
- h 4 1 1 3 6 S - 0 1  
- 1 , 3 4 9 9 0 9 - D |  

1 . 3 9 2 0 3 9  O0 
1 . 3 9 2 0 3 E  O0 
I 0 3 9 2 0 3 E  OO 
1 0 3 9 2 0 3 E  O0 
1 e 3 9 2 0 3 9  O0 
1 * 3 9 2 0 3 E  O0 
1 . 3 9 2 0 3 9  0 0  
1 * 3 9 2 0 3 E  O0 
t * 3 9 2 0 3 E  O0 
1 . 3 9 2 0 3 9  O0 
1 * 3 9 2 0 3 E  O0 
l e 3 9 2 0 3 9  0 0  
1 * 3 9 2 ~ 3 E  ~0  
1 0 3 9 2 0 3 E  O0 
| * 3 9 2 0 3 9  0 0  
1 , 3 9 2 0 3 E  ~0  
1 0 3 9 2 0 3 [  O0 
1 0 3 9 2 0 3 9  OO 
| * 3 9 2 ~ 3 9  0 0  
1 * 3 9 2 0 3 9  00  
] e ~ 9 2 0 3 9  O0 
1 . 3 9 2 0 3 E  0 0  
1 * 3 9 2 0 3 9  OO 
| * 3 9 2 0 3 9  0 0  
1 * 3 9 2 0 3 9  0 0  
1 * 3 9 2 0 3 E  0 0  

• | . 3 9 2 0 3 [  0 0  
1 0 3 9 2 0 3 E  0~  
1 . 3 9 2 0 3 [  00  
! * 3 9 2 0 3 9  00  
1 0 3 9 2 0 3 [  O0 
1 0 3 9 2 0 3 9  O0 
1 , 3 9 2 0 3 [  0 0  
1 . 3 9 2 0 3 9  0 0  
1 * 3 9 2 0 3 E  O0 
Z * 3 9 2 0 3 9  0 0  
• | , 3 9 2 0 3 E  0 0  
1 * 3 9 2 0 3 E  0O 
1 0 3 9 2 0 3 E  0 0  
1 * 3 9 2 0 3 9  0 0  
| * 3 9 2 0 3 [  O0 
| . 3 9 2 0 3 9  O0 
t . 3 9 2 0 3 [  O0 
1 , 3 9 2 0 3 9  O0 
1 e 3 9 2 0 3 [  O0 
1 . 3 9 2 0 3 [  O0 
1 . 3 9 2 0 3 9  O0 
1 * 3 9 2 0 3 9  0 0  
| , 3 9 2 0 3 9  0 0 "  
1 , 3 9 2 0 3 E  O0 
1 0 3 9 2 0 3 E  O0 
| . 3 9 2 0 3 E  O0 
h 3 9 2 0 3 9  O0 

m 
O 

~o 

? 
CO 



33? 
338 
339 
340 
341 
342 
343 
344 
345 
346 

S o S O S S 3 E - 0 1  
6 . 3 3 0 3 8 E - - 0 1  
? , 0 8 9 3 1 E - O r  
7 . 7 7 7 7 6 E - 0 1  
8038893E-01 
8 . 9 1 6 7 4 E - 0 1  
9*35590E-01  
9 . 7 0 2 1 0 [ - - 0 1  
9 . 9 5 1 8 8 E - 0 |  
I , O I 0 2 T E  O0 

- 8 . 5 2 8 9 8 1 [ - 0 1  
- 7 . 9 3 8 1 2 E - 0 1  
-Te26836E--01 
- e . 5 2 6 4 0 E - O t  
0 5 . 7 1 9 5 5 E - 0 |  
- 4 e f l 5 5 8 5 1 ~ - 0 |  
- 3 . 9 4 3 9 2 E - 0 1  
- -2e99276E-O|  
02 .01186E-01  
- h O l O 9 1 q ~ - 0 1  

3 . 3 9 5 3 0 E  Ol 
3 * 3 9 5 3 0 E  01 
3 . 3 9 5 3 0 E  01 
3 . 3 9 5 3 0 E  Ol  
3 * 3 9 5 3 ~  Ol 
3 . 3 9 5 3 0 E  O! 
3 . 3 9 5 3 0 [  01 
3 . 3 9 5 3 0 E  O| 
3 e 3 9 5 5 0 E  01 
3 0 3 9 5 3 0 E  OI 

2 438?0E 04 
2*438?0E--04 
2 *43870E-04  
2 *43870E-04  
2 . 4 3 8 7 0 E - 0 4  
Zo43870E-04 
2e438?OE--04 
2 0 4 3 8 ? O E ~ 0 4  
2 e 4 3 8 T O E - 0 4  
2*43870E--04 

Se7838RE 02 
5078388E 02 
5*78388E 02 
5e?R38RE O~ 
5e?8388E 02 
5 . 7 8 3 8 8 E  02  
5 e 7 8 3 8 8 E  02 
So?8388E 02  
5 * 7 8 3 8 8 E  02 
5 .78388E  02  

8 . 1 9 5 2 2 £ - 0 2  
9 . 4 2 | 3 t E - 0 2  
| . 0 5 5 4 8 E - 0 1  
1 0 1 5 8 4 2 [ - 0 1  
h 2 4 9 9 0 E - O |  
1 . 3 ~ ; 1 0 0 1 - 0 1  
1 0 3 9 4 8 7 E - 0 1  
|e44684E--01 
l e 4 8 4 3 6 E - 0 1  
1 , S O Y O 3 E - 0 1  

- I o 2 7 5 1 g E - - O J  
- 1 . 1 8 7 7 0 E - 0 1  
- t o O S B 3 2 E - 0 1  
- -geT?gTOE- -02  
- - O e S T ~ g 8 [ - 0 2  
--Te28676~--0~ 
- 5 0 9 2 1 8 8 [ - 0 2  
- - 4 0 4 9 5 9 3 [ - 0 2  
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3 6  
3 9  
4 0  
4 1  
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4 3  
4 4  
4 3  
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4 ?  
4B 
4 9  
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1 " . ! 5 1 2 | E - 0 3  
4 0 4 9 3 B O E - - O |  
P . 2 1 3 5 9 E - 0 1  

- 2 . 1 9 3 1 B E - 9 |  
- 4 e 3 5 0 1 9 E - - 0 1  
- 2 . 1 t O 5 9 E - 9 1  

2 . 2 6 | 9 8 E - 0 |  
8 6 9 1 6 4 6 E - 0 1  
7 , 7 1 9 7 0 E - 0 |  
4 . 4 1 " I O T E - - ~ |  

- - 9 * 9 7 B 1 " g E - 9 4  
- 4 e 4 9 4 4 S E - O |  
- 1 " . 8 2 6 9 9 E - 0 1  
- 6 . 8 5 3 9 | E - 0 |  
- 7 . 7 3 1 8 7 1 [ - 0 1  
- 4 . 3 9 3 9 9 E - 9 1  
- 8 , 6 7 0 1 " 1 E - - 0 3  

4 e 4 5 1 4 1 E - 0 1  
7 . 1 " ~ 1 8 9 E - 0 |  
| . 3 7 3 9 3 E  O0 
| * 3 0 3 S E E  O0 
1 * 0 8 6 8 6 E  OO 
1 " . 4 5 3 8 9 E - 0 1  
3 . 3 0 0 | 8 E - 0 1  

- l e 8 4 9 Q B E - 0 1  
- - B . 6 8 2 2 B E - - O |  
- 9 , 8 4 9 6 6 E - 0 | .  
- ! . 2 0 9 3 3 E  O0 
- 1 . 3 ? 3 B ~ E  9 9  
- l e 3 7 4 0 3 E  O 0  
- t . B t ? O a E  O 0  
- D . 3 0 9 t T E - O L  
- $ e 6 8 8 9 1 " E - 0 1  
- 1 . 2 2 3 8 3 E - 0 |  

3 . 3 3 3 9 B E - 0 1  
7 . 4 5 1 " 7 6 E - - 0 1  
| * O B G 9 5 E  O0 
| . 3 0 3 9 6 E  O0 
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| . B 4 9 B O E  SO 
1.661"17E O0 
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1 0 1 7 2 M E - 0 1  

- 3 . 5 4 3 9 8 E - 0 1  
- 8 . | 6 5 6 1 " E - - O |  
- ! 0 9 1 9 0 1 " E  9 0  
- | . 5 3 3 9 9 E  O 0  
-1 .1 "691"EE O0 

MACH 4 NOZZLE ( G = 1 0 9 4 J  

ZE : 9 . 4 0 0 0 0 1 [  01  

P 

2 . 1 1 0 6 7 1 [ - 0 3  
- 1 . 0 9 1 7 2 E - 0 3  

3 . ? q t t ? E - 0 1  
3 . 7 9 1 3 3 E - 0 1  
2 . 3 6 P S D E - 0 3  

- 3 . 1 " O S 6 O E - O t  
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- 4 . 5 7 1 0 | E - 0 1  
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8 0 4 9 9 3 8 E - 0 1  
1~ |51"98E O0 
1 . 3 3 6 1 1 E  O0 
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1 o 2 6 9 1 5 E  OO 
1 . 0 1 9 1 2 1 [  0 9  
6 . 4 1 0 1 4 E - 0 1  
2 . 1 5 0 4 2 E - 9 1  

- 2 . 1 6 6 5 | E - 0 1  
- 6 e 4 3 9 0 0 E - O |  
- 1 0 0 2 5 3 9 1 [  OO 
- 1 , 2 6 8 7 7 E  O0 
- 1 . 3 7 3 3 " / I [  O0 
- h ? 3 1 " 8 3 E  O0 
- | . | M 7 4 E  OO 
- 8 . 5 1 2 8 7 E ~ 0 1  
- 4 . 4 4 8 4 6 E - 0 1  
- S e O ~ 9 6 3 E - 0 4  

4 * 6 7 9 8 3 E - O |  
9 . 1 0 6 6 5 E - 0 |  
| * 2 9 9 7 4 E  O0 
I o 6 0 6 8 S E  O0 
| 0 8 | | 0 0 ~  OO 
1 . 8 9 1 9 4 1 [  O0 
1 . 8 6 6 3 3 E  O0 
1 , 7 3 2 9 3 E  SO 
1 . 4 7 0 5 2 E  0 9  
1 0 ~ 0 4 3 ~ E  0 9  
1 " . 0 | 3 | 1 1 ~ - 0 1  

3 . B ~ D B B E - 0 1  
3 . S ~ 2 | 4 E - O l  
3 . 5 2 8 ~ E E - 0 1 '  
3 . 5 2 Q 9 5 E - 0 1  
3 . 5 2 2 6 " / I [ - 9 1  
3.5926", '1~-.-0| 
3 . B 2 4 7 4 E - O |  

• 3 * 3 0 8 7 Q E - 0 1  
3 e 9 1 " 3 4 8 ~ - 0 1  
3 * 2 8 1 9 E E 0 0 1  
3 e E 7 9 | l E - 0 1  
302990"~W00 |  
3 . 9 ? 5 M E - O |  
3 0 9 8 4 6 7 E - 0 1  
3 . 2 7 3 7 1 E - 9 1  
3 e 8 7 7 0 7 E - O l  
3 0 9 7 4 8 3 E - 9 1  
3 . 8 9 3 4 5 E - 0 1  
3 . 8 1 " e t 4 E - 9 1  
2 . 9 2 1 0 0 E - 0 |  
9 . O 9 5 9 0 E - O |  
9 .  8 9 1 8 E E - ~ |  
2 .  9 0 5 9 0 E - 0 1  
9e 8 q 2 7 S E - O t  
2 . 9 @ 2 5 2 E - - 9 1  
8 o 9 0 6 8 5 1 [ - - 0 1  
9 e g o s 6 s E - o |  
8 0 9 1 3 7 5 E - 0 1  
9 e B 9 6 3 t E - 9 1  
2 . 9 o O S O E - 9 |  

• 9 . 9 | 9 7 2 E - 0 |  
2 , 8 9 8 3 8 E - - 0 |  
2 e B 9 9 8 5 E - 9 |  
8 . 9 0 3 2 9 E - 0 1  
2 * g O l S O E - O t  
9 . 9 1 3 3 1 E - 9 |  
9 | E B B S ? E - - E 1  
2 * B g 7 5 8 E - - O |  
9 * 6 5 1 7 3 E - 0 |  
9 * B 4 6 5 3 E - - 9 |  
2 , 6 4 4 5 7 1 [ - - 0 1  
2 * B S O D E E - - O |  
9 . 6 5 9 6 2 E - - 0 1  
8 , 6 4 9 1 " E E - 0 |  
2 * 6 5 0 5 T E - 0 1  
9 . 6 5 4 6 8 E - - 9 1  
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2 e B B | | ' D E - B 1  
E e B S B ~ l E - 0 1  
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6 * l e S B O S - B 6  | * 0 8 B 3 B E  0 3  2 . 3 4 8 9 8 E - - 0 3  
6 e | S S D 4 E - O 6  1 . 0 8 5 6 6 E  0 3  - 4 . B E 3 0 1 E - 0 4  
6 * 1 3 5 6 1 " E - 0 6  1 0 0 8 5 7 8 E  03  - B e b 2 1 " 3 4 E - 0 4  
6 . 1 3 5 8 8 E - - 0 6  | . 0 8 5 6 9 E  03  2 e | 9 7 9 E E - - 0 3  
6 0 1 2 5 6 7 E - 0 6  1 * 0 8 5 8 9 E  0 3  4 . 2 1 5 9 6 E - 0 3  
6 . 1 2 5 6 7 E - 0 6  t . O 8 5 8 0 E  9 3  3 e 8 3 1 4 3 E - 0 3  
6 e t 8 8 5 1 " E - - 0 6  1 . 0 8 5 1 " ? E  03  E * B ? B E B E - - 0 4  
5 . 8 2 3 9 2 t - 9 6  1 . 0 8 9 0 9 E  0 3  - I . 8 1 5 3 3 E - 0 2  
5 0 7 1 " 3 7 5 E - 0 6  ! . 0 8 9 6 S ~  0 3  - 1 . | 9 B 3 8 E - 0 8  
B . 1 " B 4 B B E - 0 6  1 * 0 3 9 5 3 E  03  - 1 " * 8 8 4 4 E E * 0 8  
5 * 7 8 1 7 6 E - 9 6  1 , 0 8 9 5 6 [  03  - 3 e M ? 3 6 E - 0 4  
S e B | O | O E - O 6  1 . 0 8 9 2 5 E  0 3  6 * 4 0 3 8 3 1 [ - 0 8  
5 , 1 " 1 " 7 1 4 E - 0 6  | * O B Q 6 1 E  0 3  | o B E ? B J E - - 0 8  
S e ? B D 6 6 E - 0 6  1 . 0 8 9 4 8 E  03  t . e 3 8 5 8 E - 9 8  
B e 7 7 4 0 8 E - 0 6  | , 9 8 9 6 B E  0 3  1 0 3 5 3 6 1 " E - 0 8  
5 * 1 " ? 8 8 6 E - 0 6  t . O B B 6 0 E  0 3  7 0 6 4 | 6 S E - - 0 3  
5 e 1 " 1 " S b ? E ' - 0 6  1 * O S D 6 3 E  0 3  9 * 1 9 0 3 3 E - O E  
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S * 2 4 3 6 3 E " 0 6  1 o 0 9 5 7 8 E  0 3  - l e 8 4 4 B 6 E - 0 2  
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S l  - 1 . q 1 1 4 6 2  O 0  2 * 4 3 5 2 6 1 [ - O i  2 6 4 ? 8 0 [ .  01  4 * 8 6 5 9 1 2 - 0 6  1 0 1 0 0 4 1 2  
5 2  - 1 * 9 1 0 2 2 E  O0 - 2 . 4 2 2 5 2 1 [ - 0 1  2 * 6 5 2 0 S 1 [ - 0 1  4 0 8 ? 2 2 0 2 - - 0 6  1 0 1 3 0 3  W 
53 " - 1 . ? 7 2 3 1 8  0 0  - 7 . 0 2 2 9 3 2 - 0 1  8 . 6 6 3 4 5 [ - 0 1  4 . 8 8 9 0 9 E - 0 6  i * 1 0 0 1 2 2  
5 0  - 1 . 5 3 0 1 2 8  O0 ° 1 . 1 0 4 5 8 8  O0 2 * 6 0 4 9 2 E - 0 1  4 0 8 9 1 2 0 2 - 0 6  I 0 1 0 0 0 8 2  
5 5  - | 0 2 1 9 8 3 2  O0 -- I • 4 ? 2 3 5 2  O0 2 .  6 5 9 7 9 2  - 0 1  4 • 803672 . - -06  I , i ~ 0 1 9 2  
5 6  - 0 * 1 5 1 4 4 2 - 0 1  - 1 . 7 3 4 0 3 2  O0 2 . 6 5 6 1 5 £ - 0 1  4 . 8 7 8 2 8 2 - 0 6  1 * ! 0 0 2 6 2  
5 7  - 3 0 5 4 8 T ~ ) E - - 0 1  - 1 * 8 6 8 9 1 E  O0 2 o 6 0 8 9 7 1 [ - 0 1  4 0 6 8 8 3 8 E - 0 6  1 , 1 0 0  132  
5 8  I o 2 0 7 3 8 8 - 0 1  - 1 , e 5 3 3 7 2  0 0  2 . 0 5 9 4 2 2 - 0 1  4 * 8 8 3 1 2 2 - 0 6  1 0 1 0 0 2 0 2  
5 9  5 o 9 2 6 7 9 2 - 0 1  - 1 * 0 ] 3 3 4 2  O0 2 0 6 5 7 7 0 E - 0 1  0 * 8 8 0 6 9 2 - - 0 6  1 0 1 0 0 2 3 2  
6 0  1 * 0 2 0 5 1 2  0 0  ~ 1 * 6 0 7 9 2 2  0 0  2 . 6 5 8 0 3 2 0 0 1  4 * 8 0 1 0 7 2 - - 0 6  . i * 1 0 0 2 2 2  
6 1  1 . 3 8 7 2 0 £  O0 - 1 . 3 0 0 8 5 1 [  O0 2 0 . 6 5 2 3 ~ - 0 1  4 0 0 7 2 7 1 2 - - 0 6  . 1 * 1 3 0 3 3 2  
6 2  ! 0 6 6 ? 7 8 2  0 0  - 9 , 1 1 2 9 7 8 - 0 1  2 , 6 4 4 1 6 2 - 0 1  4 e 0 6 0 5 2 2 - 0 6  1 , 1 0 0 4 8 E  
6 3  l e 8 4 9 2 4 2  0 0  - 4 e 8 8 4 0 7 1 ~ 0 0 1  2 . 0 4 6 3 0 [ - 0 1  4 0 8 6 3 7 7 2 - 0 6  ! * ! 0 0 4 4 E  
6 4  2 . 4 5 5 1 2 E  0 0  - 5 . 4 3 2 7 7 1 [ - 0 5  2 , 5 5 9 3 3 2 - - 0 |  4 0 7 3 4 3 0 8 - - 0 0  1 , 1 0 2 0 9 2  
6 5  2 . 4 ~ 3 9 7 2  O0 4 * 9 4 3 4 3 2 - 0 1  8 . 5 6 0 0 7 [ - - 0 1  4 * 7 3 6 6 6 2 - 0 6  1 * 1 0 2 0 0 2  
6 0  2 0 2 4 7 9 8 2  O 0  9 . 6 3 4 3 3 2 - 0 1  2 o 5 6 0 4 8 2 - 0 1  4 e  7 3 6 0 5 2 . - , 0 6  I 0 1 0  2 0 6 2  
6 7  2 o 0 1 1 5 1 E  O0 1 . 3 9 2 5 7 1 [  0 0  2 . 8 6 2 4 7 2 - 0 1 .  4 . 7 3 9 0 4 2 - 0 6  1 . 1 0 8 0 3 1 [  
5 8  l o 6 8 7 7 9 8  0 0  l e 7 6 7 2 6 2  0 0  2 0 1 6 7 8 7 2 * 0 1  4 * 7 4 7 1 0 E - 0 6  I 0 1 0 1 9 2 2  
6 9  1 0 2 9 9 1 2 2  O0 2 * 0 7 3 5 7 1 [  O0 2 ° 5 6 9 5 1 2 - - 0 1  4 * 7 4 9 0 0 2 - - 0 6  1 , 1 0 1 8 9 E  
7 0  8 e 5 4 9 2 2 2 - 0 1  2 e 2 8 9 1 6 2  O0 2 , 5 7 3 8 6 2 - 0 1  4 . 7 5 6 0 3 2 - 0 6  1 , 1 0 1 0 1 2  
71  3 e 6 7 9 3 5 2 - 0 1  2o4175" /1 [  00  2 0 5 7 1 7 9 2 - 0 1  4 0 7 5 2 9 4 2 - 0 6  1 , 1 0 1 8 S E  
7 2  - 1 0 1 4 3 3 3 2 - - 0 1  2 ° 4 5 4 4 9 1 [  0 0  2 e 5 7 8 8 7 2 - 0 1  4 + ? 5 4 5 8 2 - - 0 6  1 . 1 0 1 6 3 2  
73  - 5 e ~ 6 0 4 2 2 0 0 1  2 . 3 7 2 5 9 1 [  0 0  2 0 5 7 1 | 2 2 - 0 |  4 0 7 5 1 9 5 E - - 0 6  1 * 1 0 1 8 6 2  
7 4  - ! * 0 6 6 4 1 2  O0 2 * 2 0 3 9 3 2  O0 2 * 5 6 9 0 2 2 - 0 1  4 * 7 4 8 8 1 E - 0 6  1 ° 1 0 1 9 0 2  
7 5  - l e  4 8 3 1 4 2  OO 1 0 9 3 1 8 8 ~  O0 2 . 5 7 0 4 9 2 - 0 1  4 ° ~ 1 0 0 2 - 0 6  1 * 1 0 1 8 7 8  
76 - 1 , 8 0 0 9 5 2  0 0  1 * 5 8 2 0 2 2  0 0  2 o 5 7 0 0 3 2 - 0 1  4 0 T ~ 0 3 2 2 - 0 0  I , 1 0 | 8 8 2  
T 7  - 2 * 1 4 7 1 8 2  0 0  1 o 1 9 8 8 0 [  0 0  2 0 5 7 2 2 4 E - 0 1  4 ° 7 5 3 6 1 2 - 0 6  1 * 1 0 1 8 4 2  
? 8  - 2 . 3 3 7 0 5 2  0 0  7 * 4 F S 1 0 2 - 0 |  2 0 5 8 8 6 4 E - 0 1  4 0 7 4 3 2 6 8 - 0 6  1 0 1 0 1 9 5 2  
7 9  - 2 * 4 3 8 3 2 2  00  2 . 5 8 7 4 3 E - 0 1  2 o 5 6 3 6 0 [ ° 0 1  4 0 7 4 0 7 3 2 - 0 6  1 , I 0 2 0 1 2  
8 0  - 2 e 4 3 4 6 0 2  0 0  - 2 . 0 0 2 1 5 2 - 0 1  2 o 5 6 5 2 2 2 - 0 1  4 0 7 4 3 1 4 2 - 0 6  ! * 1 0 1 9 7 2  
01  - - 2 . 3 3 5 8 5 2  0 0  - T e S 0 7 6 6 E - O l  2 e 5 7 0 0 1 2 - 0 1  4 0 ? 5 0 2 9 2 - - 0 f l  1 0 1 0 1 0 8 2  
8 2  - 2 . 1 4 5 9 1 2  O0 - 1 * 2 0 3 2 3 2  O0 2 . 5 7 8 1 0 [ - 0 1  4 * 7 6 2 3 4 E - 0 6  l o 1 0 1 7 3 E  
0 3  - ! * 8 S 9 4 8 2  0 0  - 1 . 5 8 5 8 1 2  O0 2 * 5 7 5 6 7 2 - 0 1  4 ° 7 5 0 7 3 2 - 0 6  1 o l 0 1 7 7 8  
8 4  - 1 0 4 8 2 5 0 2  O0 - - 1 ° q 3 4 9 2 2  O0 2 o 5 7 9 9 7 1 [ - 0 1  4 * 7 6 5 1 3 2 - 0 6  1 0 1 0 1 0 9 8  
05  - i , 0 0 7 8 3 E  0 0  - 2 ° 2 0 7 7 2 2  00  2 , 5 7 6 7 6 2 - 0 1  4 , 7 6 0 3 5 2 - 0 6  1 , 1 0 1 7 5 2  
86  - 6 0 0 1 0 1 4 2 - - 0 1  - 2 0 3 7 3 9 7 1 [  0 0  2 , 5 7 8 3 4 2 - 0 1  4 * 7 8 2 7 0 E - ~ 0  1 * 1 3 1 7 2 2  
0 7  - ! * ! 6 7 3 2 2 - 0 1  - 2 o 4 5 1 1 5 2  0 0  2 e 5 7 9 4 6 2 - 0 1  4 e 7 6 4 3 0 2 - - 0 6  1 0 1 0 1 7 0 2  
8 8  3 0 0 2 4 6 0 2 - 0 1  - 2 0 4 2 3 1 1 0  00  2 . 5 7 6 0 6 £ - 0 1  4 . 7 5 9 3 1 E - 0 6  ! * 1 0 1 7 7 2  
8 9  0 e 5 7 1 3 7 2 - 0 1  - 2 . 2 0 8 1 1 2  00  2 * 5 7 5 5 9 2 - 0 1  6 * 7 5 8 6 1 2 - 0 6  l o 1 0 1 7 8 1 [  
0 0  1 * 8 9 8 7 9 E  0 0  - 2 * 0 7 3 1 0 2  0 0  2 . 1 6 9 7 0 2 - - 0 1  4 0 1 4 9 0 3 2 - - 0 0  1 . 1 0 1 0 9 2  
91  1 * 6 8 8 6 4 2  O0 - 1 . 7 6 8 2 0 2  O0 2 0 5 6 6 2 9 2 - 0 1  4 * 7 4 4 7 4 2 - 0 0  1 * 1 0 1 9 5 E  
9 8  2 . 0 1 2 6 2 2  0 0 "  - ! . 3 9 3 1 5 E  0 0  2 * 5 6 0 9 2 2 - 0 |  6 0 7 3 6 7 4 E - 0 6  1 * 1 0 2 0 6 E  
8 3  2 ° 2 4 0 7 4 8  00  - 9 o 6 3 6 7 8 2 * 0 1  2 0 5 0 9 1 1 2 - 0 1  6 0 ? 3 4 0 4 2 - 0 6  1 0 1 0 2 0 ~ E  
9 4  2 . 4 0 3 9 q E  00  - 4 0 9 4 4 0 4 2 - 0 1  2 . 5 6 0 3 3 E - 0 1  4 0 7 3 5 8 6 2 - 0 6  1 . 1 0 2 0 7 E  
9 5  2 * 9 9 2 1 9 E  O0 - 1 0 0 2 1 7 1 E - 0 4  2 o 5 0 0 4 7 t [ - 0 1  4e765872-~6  h l 0 1 6 0 2  
9 6  2 . 9 5 1 2 5 2  0 0  4 o 9 6 0 3 8 ~ - 0 1  2 . 1 8 3 2 3 2 - 0 1  4 * 7 6 9 9 8 E - 0 6  1 . 1 0 1 6 3 2  
9 7  2 0 8 3 4 2 0 E  O0 9 * 7 9 7 8 9 2 - 0 1  2 0 5 8 3 5 8 E - 0 1  4 e 7 7 0 5 1 2 - - 0 6  | e 1 0 1 6 2 2  
9 8  2 0 ~ 3 9 2 3 2  O0 1 0 4 1 0 5 0 [  00  2e $ 0 4 7 ~ 2 - 0 1  4 * 7 7 2 1 9 2 - 0 6  1 . 1 3 1 6 ~  
9 9  2 * 3 4 6 9 9 2  0 0  1 * 8 3 1 6 6 2  00  2 * 5 8 0 6 4 2 - 0 1  6 * 7 6 6 1 3 2 - 0 6  1 0 1 0 1 6 0 2  

! 0 0  2 0 0 1 9 2 3 2  O 0  2 e 1 9 7 0 1 8  0 0  2 e 5 0 7 7 3 2 - 0 1  4 0 7 7 6 6 8 2 - , 0 6  ! * | 0 1 5 4 2  

0 3  4 * 7 2 1 1 2 2 - 0 1  - 5 * 0 1 1 4 g E - 0 3  4 0 2 3 6 2 ~  O0 
0 3  4 . 7 3 9 9 3 [ - 0 2  6 , 5 7 2 2 ~ - 0 3  4 . 2 3 5 3 | E  O0 
0 3  4 * 5 4 1 8 7 2 - - 0 2  1 * 8 8 S 1 7 2 - 0 2  4 0 H 3 2 7 4 E  O0 
0 3  3 e 9 6 6 3 8 E - 0 8  3 e 0 7 4 2 4 2 - 0 2  4 0 ~ 3 2 4 1 2  O0 
0 3  3 * 0 5 0 | 1 ~ - 0 Z  3 * ? 9 0 3 7 E - ~ 2  4 * 2 3 3 5 6 2  O0 
0 3  2 , 0 7 6 5 5 2 ~ 0 2  4 * 3 3 8 7 0 2 - 0 2  4 * 2 3 4 3 9 2  0 0  
0 3  9 0 3 7 1 0 1 2 - 0 3  4 e 7 8 5 0 3 2 - 0 2  4 0 2 3 ~ 0 0 2  O0 
0 3  - 3 * 3 7 1 5 1 E - 0 3  ~ * 9 8 2 3 S E - 0 2  4 0 2 3 3 6 5 E  O0 
O ]  - - l e 4 9 6 | ? E - - 0 2  4 e 7 0 1 7 1 2 - - 0 2  4 0 2 3 4 0 2 2  O0 
0 3  - 2 * 5 8 7 7 6 E - 0 Z  Q * ! 7 4 6 0 2 - 0 2  4 * 2 3 3 9 6 E  O0 
0 3  - 3 * 5 4 5 4 8 1 [ - 0 2  3 e 3 4 3 1 1 [ - 0 2  4 + 2 3 ~ 4 2  O 0  
0 3  - 4 e 4 1 6 6 0 8 - 0 2  R * 4 1 3 7 8 2 - 0 2  4 * 2 3 7 1 0 2  O0 
0 3  * 4 * 8 3 9 5 1 E - 0 Z  1 * 2 8 8 7 6 2 - 0 2  4 0 Z 3 0 6 1 2  OO 
0 3  - 5 0 1 9 3 7 2 2 - 0 2  - 1 + 3 7 3 6 0 2 - 0 4  4 . 2 1 6 7 0 2  0 0  
0 3 "  - - 8 * 0 6 6 1 9 E ~ 0 2  - 1 * ! 4 W 2 3 E - 0 2  4 0 2 S 6 3 0 2  0 0  
0 3  o 4 o ~ 4 0 7 2 - 0 2  - - 2 0 1 8 0 1 9 2 - 0 2  4 e 2 5 0 4 3 2  O0 
0 3  - 4 * 0 8 S 1 4 2 - 0 2  - 3 * 0 0 1 7 6 2 - 0 8  4 * 2 1 1 9 6 E  O0 
0 3  - - 3 * ~ 2 2 9 3 2 - - 0 2  - 3 0 7 9 1 6 9 2 - - 0 2  4 e 8 5 4 6 9 E  0 0  
0 3  - 2 * 6 4 4 4 4 2 - 0 2  - 4 . 5 0 2 7 7 2 - 0 2  4 . 2 5 4 3 0 4 [  0 0  
0 3  - 1 * 6 9 4 0 7 2 - 0 2  - 4 0 9 3 7 1 7 1 [ - 0 2  4 e 2 5 3 2 9 2  O0 
0 3  - ? * 5 4 7 8 9 2 - - 0 3  * S e 2 1 7 4 7 2 - - 0 2  4 e 2 1 3 7 M  O0 
0 3  3 * 0 6 6 7 5 2 - - 0 3  - 5 . 0 4 ~ 0 0 2 - 0 2  4 * 2 5 3 5 8 E  O0 
O ]  1 0 3 8 1 9 7 E - 0 2  - 4 e 9 1 0 1 0 E - 0 2  4 e 2 5 3 9 3 E  O0 
0 3  2 * 2 5 1 9 7 2 - 0 2  - 4 . 6 3 ~ 3 2 2 - 0 2  4 * 2 1 4 4 3 E  O0 
0 7  3 * 2 8 6 6 5 2 - - 0 ~  0 4 0 1 0 3 4 2 2 - - 0 2  4 e 2 5 6 0 8 2  0 0  
0 3  4 * 0 0 3 2 0 2 - - 0 2  - - 3 e 3 4 9 9 2 2 - 0 2  402S4191 [  O0 
0 3  4 e 4 5 0 0 0 2 - 0 2  - 2 * 3 3 2 8 9 [ - 0 2  4 * 2 ~ 3 6 7 E  O0 
0 3  4 * 8 7 3 6 8 2 - - 0 2  - I . 3 9 0 4 1 [ - 0 2  4 . 2 5 4 q 8 2  0 0  
0 3  5 , 1 3 7 7 6 2 - 0 2  - - 4 . 3 ~ 4 4 3 2 - - 0 3  4 , 2 5 6 T 0 2  0 0  
0 3  5 0 1 8 1 3 5 2 - 0 2  4 0 7 1 7 4 8 E - 0 ]  4 . 2 5 ~ 2 2  O0 
0 3  4 0 2 0 3 3 3 E - 0 2  1 . 4 7 3 4 7 1 [ - 0 2  4 0 2 5 4 2 0 1 [  0 0  
0 3  4 0 4 1 1 0 5 E - 0 2  2 . 4 0 0 1 , 3 2 - 0 2  4 . 2 5 2 3 1 E  O0  
0 3  3 * 9 4 0 7 3 2 - 0 2  3 . 3 ? 3 | 0 2 - 0 2  4 * 2 5 2 8 7 1 [  O0 
0 3  3 0 2 3 3 3 7 E - 0 2  4 0 1 0 2 2 0 [ - 0 2  4 0 2 5 1 0 7 2  O0  
03  2 0 3 6 2 1 2 E - 0 2  4 . S 8 2 5 2 2 - 0 2  4 0 8 5 2 6 2 2  0 0  
0 3  1 * 4 1 6 1 3 2 * 0 2  4 0 9 1 1 1 8 E - 0 8  4 e 2 5 2 2 5 2  O0 
0 3  4 0 5 0 9 4 7 2 - - 8 3  5 . 0 3 3 6 1 2 - 0 2  4 . 8 5 1 9 8 2  O0 
0 3  - 6 * 1 8 8 4 4 E - 0 3  5 . 1 2 S 1 8 2 - 0 |  1 . 2 5 2 7 8 8  O0 
0 3  - 1 * 6 6 6 0 S E - 0 2  4 * 9 2 9 0 0 [ - 8 2  4 0 2 5 2 0 9 1 [  O0 
0 3  - - 2 * 6 3 9 6 5 2 - 0 8  4 0 4 7 0 1 2 2 - 0 2  4 0 2 S 4 2 7 2  O0 
O~ - 3 * 4 2 4 6 4 8 - 0 2  3 e 7 5 g g 7 2 - 0 2  4 0 2 1 5 0 6 2  0 8  
0 3  0 4 . 0 9 2 6 8 8 - - 0 8  3 0 0 3 3 4 ? 1 [ ~ 0 2  4 0 2 1 6 3 2 2  O0 
0 3  - - 4 e 8 0 8 3 6 2 - 0 2  8 * ! 5 7 0 4 2 - 0 2  4 * 2 6 6 7 5 2  0 0  
0 3  - 5 0 0 ? 0 0 0 2 - 8 8  I , 1 1 6 7 5 2 - 0 2  4 e 2 5 6 4 0 2  0 0  
0 3  0 4 e 6 3 5 5 7 2 - - 0 2  0 1 0 0 4 1 0 1 2 - 0 4  4 0 8 5 1 7 5 2  O0 
0 3  - - 4 * 5 2 3 9 3 8 - - 8 2  - 8 e 8 8 S 3 1 E - - 0 3  4 e 2 5 1 1 1 2  O 0  
0 3  - 4 e 2 0 2 3 1 2 - 0 2  - ! . $ 9 4 2 4 2 - 0 2  4 . 8 S 1 0 3 2  O0 
0 3  - - 3 * 9 0 9 8 3 ~ - - 0 8  - 2 0 3 5 0 | ~ t c - - 0 2  4 0 8 5 0 F 6 2  O0 
0 3  - 3 * 6 1 4 5 0 2 - 0 8  - 2 0 9 2 6 6 9 8 - 0 8  4 * 2 5 1 7 1 E  O0 
0 3  - 3 o 1 5 8 4 6 1 [ - 0 2  - 3 . 4 0 5 8 6 2 - 0 Z  4 * 1 5 0 8 6 2  0 0  

m 

~0 

oo 

Go 



GO 
0~ 

NO: 

101 
10Z 
1 0 3  
1 0 4  
1 0 5  
106  
1 0 7  
108  
1 0 9  
110  
111 
118  
1 1 3  
114  
113  
1 1 6  
117  
118  
1 1 9  
120 
121 
1 2 2  
1 2 3  
124  
1 8 5  
126  
127  
1 2 8  
129  
130  
131 
13 2  

• 1 3 3  
1 3 4  
1 3 5  
136  
1 3 7  
13 8  
139  
140  
141 
142  
143  
1 4 4  
1 4 5  
1 4 6  
1 4 7  
1 4 6  
149  
ISO 

1 . 6 3 1 4 2 E  hO 
| * I � S 6 0 E  0 0  
? . 3 4 5 8 3 E - 0 1  
2 . 6 0 3 0 4 [ - 0 1  

- 2 * 5 0 5 2 8 E - 0 1  
- ? * 3 6 9 0 8 [ - 0 1  
- - | 0 2 0 6 6 ~  0 8  
- ! . 6 4 1 0 8 E  O0 
- 2 . 0 0 7 4 2 E  O0 
- 2 . 0 5 0 6 5 E  O0 
- 2 . 6 ~ 4 9 2 E  O0 
- S * ~ 3 5 U | E  O0 
- ~ . 9 5 7 3 7 E  O0 
- 2 , 9 9 1 7 8 £  O0 
- 2 . 9 6 0 6 9 E  O0 
- 2 * B 3 3 3 4 E  0 0  
- 2 . 6 3 2 7 1 E  0 0  
- 2 . 3 5 0 5 9 E  0 0  
- 2 . 0 0 8 3 S E  O0 
- 1 . 6 4 2 7 7 E  O0 
- I 0 2 0 9 5 8 E  O0 
- ? , 3 8 6 0 3 E - 0 1  
- 8 . 5 2 3 2 5 £ o 0 1  

2 + 5 6 2 2 5 E - - 0 1  
? . 2 9 8 2 7 E - 0 1  
I , | 9 1 7 3 E .  DO 
1 . 6 2 9 0 ~ E  O0 
2,0~829E 08 
2 * 3 4 6 8 8 E  O0 
2 0 6 3 9 5 3 E  0 0  
2~8245~1[ .  O0 
2 0 9 5 1 1 9 E  O0 
3 e S l ? 8 3 E  0 0  
3 . 4 8 0 2 6 E  O0 
3 . 3 7 5 0 0 E  0 0  
3 e 2 0 g ? ? E  O0 
2 . 0 4 4 3 8 E  0 8  
2 . 6 5 7 6 5 E  O0 
2 . 3 0 7 2 6 E  O0 
1 . 9 0 2 6 9 E  O0 
1 , 4 6 0 7 4 E  O0 
~086767E001 
4 . 9 5 5 1 2 E - 0 1  

- 6 . 4 3 2 8 8 E - 0 4  
- 4 . 9 7 1 0 4 E - 0 1  
- - 9 . 8 4 2 5 1 E - - 0 1  
- I , 4 5 6 4 6 E  .00 
- | * 9 0 4 0 4 E  O0 
- 2 . 3 0 6 0 9 E  0 0  
- 8 . 6 6 1 0 5 E  O0 

NACH 4 N( ]ZZL~ 1 G = 1 . 2 4 )  

ZE : 2 * 4 0 0 0 0 [  Ol 

P 

2 , 5 0 2 ~ 8 E  O0 
2 , 7 3 8 1 ~ E  0 0  
2 . 8 9 9 4 1 E  O0 
2 * 0 9 5 6 b E  O~ 
2 . 9 7 5 4 4 [  O0 
2 * 8 9 2 2 2 [  O0 
2 * 7 3 6 3 | E  O0 
2 . 5 0 4 0 0 E  O0 
2 . 1 9 7 0 8 E  O0 
1 * 8 4 2 1 7 E  O0 
1 , 4 1 4 0 9 1 [  O0 
9 , 6 1 3 0 6 E - 0 1  
4 0 8 1 9 9 G E - 0 1  

- ? e 9 0 8 0 6 E - 0 3  
- 4 , 8 6 7 5 0 E - 0 1  
- 9 o 6 5 1 8 4 E - 0 1  
- | . 4 1 8 6 3 E  O0 
- 1 0 8 ~ 6 1 5 E  O0 
- 2 0 1 9 9 0 0 E  O0 
- 2 , 5 0 5 2 4 E  0 0  
- 8 , 7 4 0 1 1 E  O0 
- 2 * 8 9 4 6 3 E  O0 
- 8 , ~ 7 1 8 0 E  O0 
- - 2 , 9 9 3 3 9 E  0 0  
- ~ * 8 9 4 3 3 E  0 0  
- 2 . 7 3 5 8 4 E  O0 
- 2 . 3 0 3 3 9 E  O0 
- 2 . I g g 4 0 E  0 0  
- 1 0 8 3 3 2 " ~  CO 
- I . 4 1 0 5 9 ~  O0 
- 9 . 7 9 7 8 3 E - 0 1  
- 4 0 9 6 8 5 3 E - 0 1  

3 . 6 5 1 2 3 1 [ - 0 5  
f l e 0 3 S | T E - 0 1  
O . 0 8 6 8 3 E - ~ Z  
1 , 4 7 9 5 4 E  0 0  
10909041[  O0 
2 . 3 0 3 7 0 E  O0 
2 0 6 5 4 3 4 E  O0 
2 . 9 ~ 3 4 8 E  O0 
3 . 1 9 4 7 3 1 [  00  
3 * 3 7 4 3 3 E  0 0  
3 . 4 9 8 3 8 E  O0 
3 * 5 1 4 4 0 E  O0 
3 . 4 ? 8 8 6 E  O0 
2 . 3 7 3 1 3 E  O0 
3 . 2 0 1 6 6 E  0 0  
2 0 0 6 3 1 6 E  0 0  

' 2 . 6 S O 9 3 E  0 0  
8 . 2 0 9 8 5 E  O0 

2 , 5 9 1 9 7 1 [ - 0 1  
2 , 5 9 8 3 9 E - - 0 1  
2 , 3 9 8 1 1 E - 0 1  
8 . 5 9 7 1 2 E - - 0 1  
2 0 5 9 2 3 2 [ - 0 1  
2 * 5 9 8 7 9 E - 0 J  
2 . 5 9 6 8 6 ~ _ - 0 1  
2 * 5 9 0 1 8 E - - 0 1  
2 . 5 9 6 9 2 E - 0 1  
8 * 5 8 9 0 5 E - ~ 1  
2 0 5 8 8 2 9 E - - 0 1  
8 0 S 6 8 6 5 E - 0 ~  
2 * 5 0 2 9 5 E - - 0 |  
2 . 5 9 6 5 2 E - - 0 |  
2 , 5 0 8 5 9 [ - 0 1  
2 , 5 0 4 6 7 E - 0 |  
2 . 5 9 5 6 6 E - 0 |  
8 0 S 9 5 0 9 ~ - 0 ~  
2 . 6 0 4 4 9 E - 0 |  
2 * 6 0 6 9 f l E - - 0 1  
2 . 6 0 3 4 4 E - 0 1  
8 . 5 0 9 2 2 E - 0 ~  
2 . 5 0 6 3 5 E - 0 |  
2 , 3 9 9 2 0 1 [ - 0 1  
2 . 6 0 0 0 4 [ - 0 1  
2 0 3 0 7 3 1 E - 0 1  
2 0 5 9 1 0 1 E - 0 1  
~ 0 3 8 3 8 3 ~ - 0 |  
2 * 5 7 8 8 1 [ - 0 1  
2 0 5 8 3 1 2 [ - 0 1  
2 . 5 8 2 4 4 E - 0 1  
2 , 5 8 8 7 7 E - 0 1  
2 , 6 6 4 3 9 ~ - 0 |  
2 * 6 6 5 8 3 E - - 0 1  
8 . 6 6 5 6 6 E - 0 ~  
2 , 6 7 3 6 5 [ - 0 1  
2 0 6 6 8 ~ 3 E - 0 1  
2 . 6 7 3 4 9 E - 0 1  
8 0 6 7 T ? 0 ~ - - 0 |  
2 . 6 7 8 7 3 E - 0 1  
2 , 6 8 1 7 9 E - 0 1  
8 . 6 8 1 4 8 E - 0 1  
2 . 6 8 7 7 1 E - 0 1  

. 2 , 6 8 0 8 c ~ - 0 1  
2 0 6 8 1 0 1 E - 0 1 .  
2 , 6 8 0 | 4 E - - 0 1  
8 * 6 0 0 7 1 ~ - 0 1  
2 . 6 8 0 7 2 E - - 0 1  
2 , 6 7 9 9 ~ E - 0 1  
2 * 6 7 8 8 1 E - 0 1  

S 1 [ P  NO* ?8  

RHO Q 

4 , 7 8 3 0 0 ~ - 0 6  1 * 1 0 1 4 6 [  
4 . 7 9 2 5 4 E ~ 0 6  ! * | 0 1 3 4 E  
4 * F g 2 | 2 E - 0 6  1 . 1 0 1 3 5 E  
• . 7 9 0 6 6 E ~ 0 6  1 . 1 0  1 3 ? E  
4 , 7 8 3 5 8 [ - 0 6  I , l O I 4 b ~  
4 * 7 8 4 8 1 E ' 0 6  I 0 | 0 1 4 5 E  
4 * ? c M 2 8 E - 3 6  1 , 1 0 1 3 7 E  
4 , 7 9 3 ? 2 E - 0 6  ! , ! 0 1 3 3 E  
4 , 7 9 0 3 6 ~ - 0 6  1 . 1 0 1 3 7 E  
4 0 ? 7 8 6 6 E - 0 6  1 . 1 ~ 1 5 2 E  
4 , 7 7 7 5 8 [ - - 0 6  I 0 1 0 1 3 3 [  
4 , T T B 0 5 E - 0 6  1 , 1 0 | 5 ~ 5 ~  
4 . 7 8 4 ~ 6 E - 0 6  I*1@ 145E 
4 * 7 8 9 7 6 E - 0 6  1 . 1 0 1 3 8 E  
4 . 7 9 2 8 4 E - 0 6  1 0 1 0 1 3 4 E  
4 0 7 8 7 0 2 E - 0 6  1 , | ~ 1 4 1 ~  
4 . 7 8 8 4 8 E - 0 6  1 , 1 0 1 3 9 E  
4 e 7 8 8 9 6 [ - 0 6  h 1 0 1 3 9 E  
4 . 8 0 1 6 2 E - ' 0 6  I , 1 ~ 1 2 3 E  
4 , 6 0 5 2 0 E - 0 6  1 . 1 0 1 1 8 E  
4 0 8 0 0 0 6 E - ' 0 6  | * ! 0 1 2 5 E  
4 * ? 9 3 7 8 ~ - 0 6  I 0 1 0 1 3 3 E  
4 e 7 8 9 5 1 E - 0 6  1 . 1 0 1 3 8 E  
4 e 7 9 3 7 6 E - 0 8  I . I 0 1 3 3 E  
4 e 7 0 4 9 0 E - 0 6  | e | 0 | 3 1 ~  
4 . 7 9 0 9 4 E - 0 6  1 , 1 0 1 3 6 E  
4 . 7 8 1 5 6 E - 0 6  1 . 1 0 1 4 8 E  
4 e 7 7 3 8 8 [ - 0 6  1 , 1 0 1 5 8 E  
4 . 7 6 3 4 0 E - 0 6  I * I O I ? I E  
4 * 7 6 9 8 2 E ' 0 6  1 , 1 0 1 6 3 E  
4 . 7 6 8 8 1 E - 0 6  t * | 0 1 6 3 £  
4 , 7 6 9 2 0 ~ - 0 6  I * | 0 1 b 4 E  
4 0 8 9 0 4 8 ~ 0 6  I , I O 0 1 0 E  
4 . 8 0 ~ 6 2 E - 0 6  | * I O 0 0 8 E  
~ . 8 0 2 3 6 E " ~ 6  l e l O 0 0 3 E  
4 0 9 0 4 1 8 E - 0 6  i * 0 9 9 9 3 E  
4 e 8 9 6 9 3 E " 0 6  1 . 1 0 0 0 2 [  
4 0 9 0 3 0 4 E - 0 6  1 . 0 9 9 9 4 E  
4 * 9 | 0 1 7 E - 0 6  1 * 0 0 9 8 6 ~  
4 0 9 | | 6 0 E - 0 6  | e 0 9 0 8 4 E  
4 . 9 | 6 2 3 E " 0 6  ! * 0 9 9 7 8 E  
4 * 9 1 5 6 8 E ~ 0 6  1 , 0 9 9 7 9 E  
4 * 9 8 4 9 7 E ~ 0 6  l e O g g 6 ? E  
4 0 9 1 4 8 0 ~ - - 0 6  l * 0 9 9 E O E  
4 0 9 | 5 0 6 E " 0 6  | , 0 9 9 8 0 ~  
4 * 9 J 3 7 8 E - 0 6  i . 0 9 0 8 1 E  
4 , 9 1 4 6 3 E - 0 6  1 * ~ 9 0 8 0 [  
4 e 0 | 4 6 4 E - 0 6  l e 0 9 0 8 0 E  
4 * 9 1 3 4 6 E " 0 6  ! * 0 9 9 8 2 E  
4 e 9 | 0 0 3 E " 0 6  1 0 3 9 0 8 3 E  

0 3  
O3 
0 3  
O3 
O3 
O3 
0 3  
O3 
O3 
O3 
O3 
0 3  
O3 
O3 
O3 
O3 
O3 
O3 
O3 
0 3  
O3 
O3 
O3 
O3 
O3 
O3 
O3 
O3 
O3 
O3 
03  
O3 
03  
O3 
0 3  
O3 
O3 
0 3  
0 3  
O3 
O3 
O3 
03  
0 3  
O3 
O3 
O3 
O3 
O3 
O3 

THETA 

- S e 5 6 3 5 2 E - 0 8  
- - 1 0 8 2 7 5 7 E - 0 2  
- I . 1 1 4 0 1 E - 0 8  
- 2 0 7 5 7 0 0 E - 0 3  

3 e 6 8 0 0 3 ~ - 0 3  
1 . 0 5 1 1 ? E - 0 2  
1 . 7 6 3 9 6 E - 0 2  
2 0 6 9 3 6 5 E - 0 2  
3 . 2 1 2 4 9 E - 0 2  
3 . 7 2 5 3 0 E 0 0 2  
~ . 0 1 8 6 4 E - 0 2  
4 0 3 ~ 0 ~ 3 E - 0 8  
4 , 5 1 8 3 8 E * 0 2  
4 0 6 4 7 3 9 E - - 0 2  
6 0 4 8 5 ~ 8 £ - 0 8  
4 0 3 8 | 0 6 E - - 0 8  
~ 0 0 0 3 5 L q [ - - 0 8  
3 , 7 0 | 5 2 E - 0 2  
3 , 1 8 2 2 1 E - 0 2  
8 e 4 8 8 6 4 £ - - 0 2  
l e 7 8 2 0 3 E - 0 2  
1 , 0 9 2 4 ~ E - - 8 8  
4 . 1 0 7 8 6 1 [ - 0 3  

- ~ 0 4 4 0 0 7 E - - 0 3  
- 1 0 0 7 8 8 1 E - 0 8  
- I . 8 8 4 1 7 E - 0 8  
- - 2 * 5 6 3 1 0 E - - 0 8  
- 3 , 1 5 8 7 1 E - 0 8  
- 3 , 6 1 8 4 1 E - 0 8  
- 3 0 9 1 4 0 7 E - 0 8  
- - 4 e 8 8 5 0 S E - - 0 8  
- - 4 * 3 8 6 6 7 8 - 0 2  
- 3 e 7 0 4 8 3 E - 0 2  
- - 3 * 6 3 5 5 6 E - 0 2  
- 3 . 4 5 4 0 6 [ - 0 8  
- 3 . 1 7 6 3 3 ~ - 0 8  
- - ~ * t ~ 9 4 8 E - - 0 8  
- - 2 . 8 3 3 5 0 E 0 0 2  
- 2 0 4 3 0 6 3 E 0 0 2  
- 1 . 9 6 3 4 3 E - 0 8  
- - I , 4 4 9 6 0 E - - 0 2  
- 0 . 6 9 7 6 6 E - 0 3  
- 4 0 4 8 3 3 3 E - 0 3  

0 . 4 3 1 8 M - 0 4  
~ 0 ] 3 7 4 9 E - - 0 3  
1 . 0 4 1 7 9 E - 0 2  
1 0 3 1 7 7 9 E - 0 8  
l e 9 4 3 3 8 E - - 0 8  
8 * 3 5 2 2 1 E - 0 8  
8 0 7 6 7 8 5 E - - 0 8  

P S I  

- 3 * 8 9 0 4 2 E - 0 2  
- 4 . 2 3 1 2 8 E - 0 2  
- 4 e 4 9 3 7 7 E - 0 2  
- 4 . 5 7 7 1 3 E - 0 2  
- 4 0 5 3 3 0 2 E - 0 2  
- 4 * 5 | 3 5 0 E - 0 2  
- 4 * 2 3 6 3 5 E - 0 2  
- 3 e 8 4 3 6 7 E * 0 2  
- 3 e 3 8 ~ 3 4 E - 0 2  
- 2 * 7 7 5 9 2 E - 0 2  
- 2 , ~ 0 1 t ~ E - 0 2  
- 1 0 3 0 4 4 8 E - 0 2  
- a . 6 7 0 4 8 1 - o 3  
- - 8 . 2 4 ~ 1 6 E - - 0 4  

? * 3 8 3 5 3 E - 0 3  
1 , 5 5 8 7 " ~ - 0 2  
2 , 1 0 0 7 0 E - 0 2  
8 e T ~ 4 3 4 E - 0 2  
3 * 3 5 3 0 0 E - 0 2  
3 , 7 8 | 7 2 E 0 0 2  
4 * 1 3 7 0 1 E - 0 2  
4 * 5 2 1 0 0 E - 0 2  
4 * 5 9 7 3 3 1 [ - 0 8  
4 * 4 5 5 0 2 E - 0 8  
4 , 4 4 5 2 8 E - 0 2  
& * 8 4 2 2 g E - 0 2  
3 * 8 8 4 2 6 1 [ - 0 2  
3 * 3 0 1 7 5 E - 0 2  
2 J 9 1 8 1 2 E - 0 2  
2 . 3 3 7 0 1 E - 0 2  
1 * 5 7 3 5 5 E - 0 2  
8 . 0 7 S 3 1 E - 0 3  

- q e S ? 3 5 1 E - 0 5  
- 5 * 8 7 2 2 3 E - 0 3  
- I . O O O O O E - O t  
- 1 * 5 2 2 6 6 E - 0 2  
- 2 . 0 3 6 3 8 E - 0 2  
- ! . 4 7 5 6 6 E - 0 2  
- 2 . 8 0 9 ~ 3 E - 0 2  
- 3 . 1 6 4 6 0 E - 0 2  
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03  - 1 * 3 0 4 0 | E - 0 2  3 • 2 S 0 8 9 ~ - 0 3  4 0 1 7 8 9 7 E  00  
03 - I • 3 1 E I S E - 0 2  | • 6 4 4 8 0 2 - 0 3  4 • 1 7 8 9 t E  00 
03 - 3 . 5 2 4 5 1 2 - 0 4  ° 5 • ? 2 6 4 8 1 [ - - 0 5  4 * 1 5 5 1 g E  00 YES 
03 - 3 . 3 2 9 5 2 2 - 0 ~  - 2 • | 0 6 7 1 2 - - 0 ~  6 . 1 ~ 5 0 4 E  O0 YES 
03 - 2 • 8 4 6 9 2 2 - - 0 4  - - 3 • 6 ? 5 2 3 E - - 0 4  4 . | 5 4 8 7 E  O0 YES 
03  - ! . 9 7 0 0 9 2 - 0 4  0 5 • S 1 2 | 4 2 - 0 4  4 . 1 5 4 7 5 2  O0 YES 
03 - 1 , 2 7 | 6 0 2 - 0 5  - 8 • 7 | 9 4 3 E - 0 4  4 , 1 5 5 8 3 2  00 YES 
0 3  1 • 9 6 5 1 2 E - 0 4  - | • 0 9 7 7 8 2 - 0 3  4 * 1 S 3 3 5 E  00 YES 
0 3  - 6 • 6 2 7 6 8 2 - - 0 4  3 , 4 8 6 g 0 E - 0 4  4 • 1 ~ 3 2 4 ~  O0 Y E S  
03  - | • I E S 8 5 2 - 0 3  ? , 8 7 | ? ? E - 0 4  4 . 1 5 3 1 4 E  00 YES 
0 3  - I , 0 7 6 2 1 E - 0 3  5 • 5 7 2 0 ~ q [ - 0 4  4 0 | $ 2 3 2 [  O0 YES 
03  - 9 • 6 3 6 9 0 E - 0 4  3 • 2 | 4 5 9 2 - 0 4  4 . 1 5 2 1 6 2  GO YES 
03  - ? • 6 5 9 2 3 E - 0 4  ? • 2 4 8 2 4 [ - 0 S  4 * I S I ? I E  00 YES 
~ 3  - -60149702 - -04  - - 7 . ? 0 0 0 3 ~ - 0 S  4 * 1 5 1 1 9 2  00 YES 
03 - 2 0 5 4 9 9 1 2 - 0 4  - 3 • 1 3 0 | 4 E - 0 4  4 * 1 S 1 | 4 2  00 YES 
03  9 * 0 1 2 5 2 E - 0 4  - 6 , 1 5 S 7 1 2 - 0 4  4 * ! 5 1 2 4 E  00 YES 
03  1 . 2 0 7 0 5 2 - 0 3  - 5 e 6 9 2 1 8 2 - 0 4  4 • 1 5 1 4 5 2  00 YES 
03 4 , 3 6 ? 2 ' r ~ - 0 4  - 3 . 7 ~ 6 4 9 E - 0 4  4 • 1 5 1 3 7 2  00 YES 
03  - 8 . 2 5 5 2 7 2 - 0 4  - 3 • 6 9 4 0 0 2 - 0 4  4 0 | S | 2 5 [  00 YES 

rfl 

;0 

Co 

Co 



Q 

NO, 

3 0 1  
3 0 2  
3 0 3  
3 0 4  
3 0 5  
3 ~ 6  
3 0 ?  
3 0 8  
3 0 9  
3 1 0  
3 1 1  
3 1 2  
3 1 3  
2 1 4  
3 t 5  
3 1 6  
3 t ?  
3 1 6  
.~ t9  
3 2 O  
3 2 |  
3 2 2  
3 2 3  
3 2 4  
3 2 5  
3 2 6  
3 2 7  
3 2 0  
3 2 9  
3 3 0  . 
331 
3 3 2  
3 3 3  
3 3 4  
3 3 5  
3 3 6  
3 3 ?  
3 3 8  
3 3 g  

341  
3 4 2  
3 4 3  
3 4 4  
3 4 8  
3 4 6  

- 6 * 3 2 5 7 3 ~ - 0 |  
- I * I I 2 T ? E  O0 
- 1 , 5 8 3 1 0 [  00  
- 2 . 0 4 2 0 0 E  OO 
- 2 * 4 8 3 B T E  0 0  
- 2 . E g t 7 6 E  OO 
- S e 2 7 7 3 4 E  O0 
- ~ . 6 3 3 6 8 E  SO 
- 3 . ~ 5 8 | 2 E  0O 
- 4 0 2 3 9 9 6 E  ~O 
- - 4 . 4 7 9 9 6 E  O0 
- 4 . h 7 3 7 4 E  SS 
- 4 . 8 1 9 5 5 E  O0 
- 4 0 0 | 7 8 0 E  O0 
- 4 e Q 6 E 9 3 E  0 0  
- 4 * 9 6 6 4 5 E  OO 
- 4 e 9 1 7 6 ? E  O 0  
- 4 0 8 1 9 3 7 E  SO 
0 4 e 6 7 2 ~ B E  O0 
- 4 . 4 7 9 3 B E  O0 
- - 4 * 2 3 9 3 7 ~  S O  
- S e q 5 7 | ? E  O 0  
- 3 . 5 3 2 0 5 E  OO 
- 3 . 2 7 7 0 2 E  OO 
- 2 . 8 9 ~ 7 3 E  O0 
- E d 6 8 1 7 Q E  O0 
- t * B 3 9 B I E  0 0  
- 1 . 5 8 1 7 4 E  0 0  
- l e l I S T S E  O 0  
- G 0 3 ~ 0 8 4 ~ - 0 |  
- 1 0 4 2 | 4 7 E - 0 1  

3 e 6 6 0 2 9 E - 0 1  
8 o S B B 4 S E - O |  
1 , 3 4 9 7 7 E  0 0  
1 . 8 1 0 8 4 E  O0 
2 . 2 5 9 4 1 E  SO 
2 . 6 8 6 5 5 E  O0 
3 . O B 5 8 0 E  SO 
3 * 4 5 4 R E E  OO 
3 e 7 9 3 B B E  0 0  
• . 1 0 1 8 7 E  O0 
4 . 3 7 3 1 1 E  O0 
4 . S B 2 7 0 ~  0 0  
4 e ~ $ E O I E  O 0  
4 . S T ~ 3 8 E  O0 
4 . 9 4 7 9 ~  OO 

MACH 4 NOZZLE ( G = 1 . 2 4 )  

ZE : 2 . 4 0 0 0 0 E  91 

P 

4 * g 3 2 4 1 E  OO 
4 0 8 4 e 8 2 E  OO 
4 . 7 1 4 3 4 E  00  
4 . 5 3 4 4 2 E  O0 
4 * 3 0 B O 3 E  O0 
4eO424~ l [  00  
3 . 7 3 8 6 3 E  0 2  
3 . S q 4 1 6 E  O0 
3 * ~ 0 9 B ~  O~ 
2 * S q 7 8 3 E  O0 
2 . | 8 8 2 3 E  O0 
1 . 6 9 9 1 6 E  0O 
1 . 2 2 5 0 5 E  O0 
?* 3 6 8 3 CL E  - 01 
2 . 3 9 7 g S E - ~ l  

- E , 4 g S 6 4 E - 0 |  
- 7 * 3 7 9 6 1 ~ - 0 1  
- I . ~ 2 S O S E  OS 
- | . 6 9 9 8 0 ~  O0 
- 2 .  l f i 9 5 | E  O0 
- 2 . 5 9 9 1 8 E  O0 
- 3 . 0 1 0 4 7 E  O0 
- S e E g 4 6 4 E  O0 
- 3 . T 3 9 T S E  O0 
- 4 . 0 4 3 7 2 E  O0 
- 4 * 3 0 8 7 ~ E  O0 
- 4 . $ 3 S 7 6 E  OO 
- 4 . 7 1 5 3 4 E  SO 
- - 4 * 8 4 6 1 0 1 [  O0 
- 4 * 9 3 1 6 ~ E  O0 
- 4 . 9 7 0 0 g ~  O0 
- 4 * 9 5 8 7 1 E  O0 
- 4 . 6 q ~ 1 6 E  OO 
- 4 0 7 8 6 0 3 E  0 0  
- 4 . 6 3 | 4 g E  go  
- 4 * 4 3 0 | 0 E  O 0  
- 4 . I E 4 7 8 E  O0 
- - 3 * S ~ g 3 2 E  O0 
- S e S T ~ 3 1 E  O0 
- 3 . 2 1 5 0 9 E  30  
- 2 , 8 1 1 1 T E  0O 
- 2 0 3 6 7 0 8 E  OO 
- - | 0 9 3 0 7 0 [  GO 
- I 0 4 6 5 2 7 E  O0 
- - g e 3 3 5 0 8 ~ - - 0 1  
- 4 , 9 4 3 1 6 E - 0 1  

3 . 0 5 2 6 9 E - 0 1  
3 . 0 5 ~ ? E - 0 1  
3 . 0 5 2 2 2 E - 0 1  
3 * 0 8 2 5 ~ [ - 0 1  
3 , 0 5 1 9 5 1 [ - 0 1  
3 . 0 4 8 8 3 E - 0 1  
3 0 0 ~ 9 9 ~ E - 0 1  
3 0 0 4 7 7 ~ E - O I  
3 . 0 4 7 6 3 E - 0 1  
3 * 0 4 7 6 4 E - 0 1  
3 * 0 4 6 0 4 E - 0 1  
$ 0 0 4 4 9 1 E - - 0 1  
3 * 0 4 3 5 6 [ - - 0 |  
3 0 0 4 4 7 8 E - 0 1  
3 . 0 4 6 6 5 E - 0 |  
3 . 0 4 4 3 5 E - 0 2  
3 . 0 d ~ 6 0 0 ~ - - 0 |  
3 . 0 4 4 7 3 E - 4 1  
3 0 0 4 ? 7 5 E - - 0 1  
3 * 0 $ 0 3 0 E - 0 1  
3 . 0 5 3 1 4 E - 0 1  
3 * 0 5 3 0 1 M [ - 0 1  
3 . 0 5 3 5 8 E - 0 1  
3 0 0 5 6 8 9 E - 0 1  
3 * 0 5 5 0 4 E - - 0 |  
3 , 0 5 7 3 8 E - - 0 1  
3 . 0 5 7 9 3 E - - 0 |  
3 . 0 5 7 4 0 E - 0 1  
3 e 0 5 7 1 7 E - 0 |  
3 , 0 5 7 5 7 1 ~ - 0 |  
3 . 0 5 1 3 4 E - 0 1  
3 . 0 5 3 2 2 E - - 0 1  
3 0 0 4 9 9 2 E - 0 |  
3 * o ~ g q s E - - O |  
3 . 0 5 0 5 " / ~ . . - 0 1  
3 . 0 4 8 7 4 E - 0 1  
] 0 0 4 6 5 2 E - 0 |  
3 * 0 4 4 0 7 E - 0 1  
3 , 0 4 3 5 . r ~ - O t  
3 e 0 3 9 4 | E - - 0 |  
3 , 0 3 9 0 9 E - 0 1  
3 , 0 3 9 2 1 E - - 0 1  
3 . 0 2 7 3 2 E - ' 0 |  
3 . 0 3 3 2 9 E - - 0 1  
3 . 0 3 3 1 6 E - O I  
3 . 0 3 2 6 | E - 0 1  

STEP NO* 7 8  

RHO Q 

B * 4 S ? S R E - O 6  
5 e 4 s g O O E - 0 6  
5 , 4 8 6 g | [ - 0 6  
5 * 4 5 7 4 4 [ - - 0 6  
8 . 4 5 6 8 2 E - 0 6  
5 e 4 5 2 ~ 2 E " 0 6  
5 . 4 5 3 6 7 E - 0 6  
b e 4 5 0 4 2 E - 0 6  
S * 4 ~ 0 2 B E - 0 6  
5 . 4 5 0 3 0 E - - 0 6  
5 . 4 4  T 9 9 E - 0 6  
8 . 4 4 6 3 & E - 0 6  
S e 6 4 4 4 2 E - O B  
5 . 4 4 6 | 0 E * 0 6  
8 * 4 4 B S S E - 0 6  
5 * 4 4 5 8 6 E - 0 6  
B * 4 4 T 9 3 E - 0 6  
5 . 4 4 6 1 ~ E ~ 0 6  
5 . 4 8 0 4 7 E - 0 6  
8 * 6 ~ 4 1 4 E - 0 6  
5 * 4 8 8 2 3 E - 0 6  
5 . 4 5 8 1 2 E - 0 6  
S o 4 E M T E - S 6  
5 * 4 6 3 2 1 E - 0 6  
E e 4 6 0 9 ? S - 0 6  
5 e 4 6 4 3 S E - 0 6  
5 0 4 6 8 1 4 E - 0 6  
5 . 4 6 4 3 7 E - 0 6  
8 . ~ 6 ~ 0 4 E * ' 0 6  
8 . 4 6 4 6 2 E ' - 0 6  
$ 0 4 8 S 6 4 E - 0 6  
B * 4 5 8 3 5 E - 0 6  
8 * 4 5 3 6 0 E - O B  
5 e 4 8 3 6 1 E - 0 6  
8 . 4 6 4 5 3 E 0 0 6  
S * 4 E I 6 9 E - 0 6  
5 . 4 4 8 6 9 E - 0 6  
8 0 4 4 5 1 5 E - - 0 6  
S . 4 4 4 4 0 E - 0 6  
8 . 4 3 8 4 3 E - - 0 6  
S e 6 3 7 9 7 E - 0 6  
5 . 4 3 8 1 4 E - 0 6  
5 * 4 ~ 0 9 9 E - 0 5  
5 * 4 2 9 6 0 E - 6 6  
8 , 4 2 9 4 ~ E - O 6  
5 * 4 2 8 6 1 E - ' 0 6  

I * O g 3 2 6 E  O~ 
! . 0 9 3 2 4 E  0 3  
l . O g 3 2 6 E  03  
1 . 0 9 3 2 6 E  03  
1 e 0 9 7 2 7 [  0 3  
1 . 0 9 3 3 2 E  0 3  
1 0 0 9 3 3 0 E  0 3  
I . O g 3 3 4 E  0 3  
1 , 0 9 3 3 4 E  0 3  
| *OQ334E 0 3  
! * 0 9 3 3 7 £  0 3  
1 * ~ 9 3 3 9 [  03  
1 . 0 9 3 4 1 E  0 3  
l . ~ g 3 3 g E  0 3  
l e D 9 3 3 6 E  0 3  
1 . 0 9 3 4 2 E  0 3  
| . 0 9 3 3 7 E  0 3  
1 . 5 9 3 3 9 E  0 3  
| . 0 9 3 3 4 E  0 3  
1 * 0 9 3 3 0 [  0 3  
| . D 9 3 2 S E .  0 3  
I o O 9 3 2 8 E  0 3  
1 . 0 9 3 2 4 E  0 3  
1 * 0 9 3 1 9 E  0 3  
| e O g 3 2 2 E  0 3  
1 0 0 9 ~ 1 8 E  0 3  
1 e ~ 9 3 1 " 1 ~  0 3  
1 . 0 9 3 1 0 E  0 3  
t e O 9 3 1 8 E  0 3  
1 e O 9 3 1 7 E  0 3  
1 . 0 9 3 2 B E  0 3  
1 * 0 9 3 2 5 E  0 3  
1 * 0 9 3 3 0 E  0 3  
| t O 9 3 3 0 E  0 3  
| e O g 3 2 9 E  0 3  
| o 0 9 3 3 Z E  0 3  
| 0 0 9 3 3 6 E  0 3  
l e O 9 3 4 0 E  0 3  
I . O g 3 4 1 E  0 3  
l * O q 3 4 8 E  0 3  
l * 0 9 3 ~ S E  0 3  
1 , 0 9 3 4 8 E  0 3  
l * O g 3 6 8 E  0 3  
l * O g 3 5 8 E  0 3  
1 . 0 9 3 8 8 1 [  OS  
| 0 0 9 3 5 9 E  0 3  

TFIETA 

- ~ * 4 6 1 4 2 E - 0 4  
- 9 e O 3 7 9 1 E - 0 4  
- B . E 7 8 0 9 E - 0 4  
- 7 * | 4 6 4 2 E - - 0 4  
- 2 * B B 4 6 4 E - 0 4  

? . 4 1 9 5 8 E - 0 4  
1 . 3 1 8 0 9 E - 0 3  
l o 1 7 3 4 4 1 [ - - 0 3  
6 e I T 4 6 1 E - 0 4  
1 . 8 5 1 2 8 E - 0 4  
3 e 7 5 4 5 7 1 [ - O S  
? e 3 7 6 7 ~ - 0 7  
8 * 9 2 6 1 3 E - 0 8  
l , S I B E T Y - - 0 8  
2 . 9 3 0 9 2 E - 0 4  
3 . 2 2 0 0 1 E - 0 4  
1 * 6 9 8 ? 6 E - 0 4  
9 . 6 5 6 2 0 E - 0 6  

- - I o O B E 3 7 E - - 0 4  
- 8 * 7 6 1 1 8 E - 0 5  

1 . 3 3 9 4 | E - - 0 4  
6 . 0 0 3 0 8 1 [ - 0 4  
1 , 1 6 8 2 6 E - 0 3  
| . 3 4 0 6 1 E - 0 3  
B e O E F B T E - 0 4  

- 2 0 1 4 8 4 8 E - 0 4  
0 6 . 3 5 1 2 4 1 [ - 0 4  
- B o 2 5 7 3 9 E - 0 4  
- 9 . 3 8 6 6 1 E - 0 4  
- 3 . 4 8 6 0 2 E - - 0 4  

3 * 4 3 6 3 6 E - - 0 4  
B e 8 6 8 0 9 E - 0 4  
1 . 3 3 L m i E E - 0 3  
8 0 9 5 6 4 5 1 [ - - 0 4  

- 1 . | 7 6 7 B E - 0 4  
~ 6 . | 3 1 1 9 E - 0 4  
- B e 2 3 Z 6 2 E - - 0 4  
- I . 0 8 8 5 6 E - 0 3  
- 1 . 1 9 ? 4 1 E - 6 3  
- | e E 4 8 3 2 E - - O S  
- ? e 6 8 4 ? 1 E - 0 4  

| . 1 7 4 1 B E - 0 4  
- 7 * 6 2 B S I E - 0 5  
- E e 4 9 9 6 5 E - - 0 8  
- 3 . 1 T 3 9 g E - 0 4  
- 3 0 4 6 4 S 5 E - - 0 4  

P S I  

- 4 e S S E B E E - - O 4  
- B . 6 2 7 7 2 E ~ 0 4  
- - b * S 1 2 4 8 E - 0 4  
- 6 . 9 8 8 9 S E - 0 4  
- 5 0 6 9 3 3 5 E - 0 4  

i + | 0 4 ~ ! E - 0 4  
? * 0 1 4 0 0 E - 0 4  
7 0 ~ 4 2 ~ E - 0 4  
2 . 4 6 1 3 4 E - 0 4  

- - 3 * S 0 9 0 3 E - - 0 4  
- ? . 0 5 1 3 M [ - 0 4  

" - 9 * 8 8 2 8 ~ - 0 4  
- 1 * | 4 3 7 8 E - 0 3  
- i * 2 7 8 1 3 E - 0 3  
- 9 * 6 6 G q ~ d ~ -  0 4  

3e 3 4 8 8 ? ~ - -  04  
I * | 5 4 |  2 E - 0 3  
l * 3 3 g ~ 3 E - 0 3  
1 . 2 9 0 U O E - 3 3  
8 0 9 8 3 7 8 E - 0 4  
4 * E B g 7 3 E - 0 4  

- - 2 * 2 9 2 2 0 E - 0 4  
- T e S 3 2 4 6 E - 2 4  
- ? * 2 3 e S | E - 0 4  
- I * S S e l 3 E - - 0 4  

f l . l g B 1 4 E o O 4  
6 . 6 2 0 3 5 E - 0 4  
6 . 3 9 1 0 2 ~ - 0 4  
B e 6 T 3 4 3 E - - 0 4  
3 . 9 0 6 5 7 E - - O &  
3 e 3 S 3 4 7 1 - 0 4  
4 * 0 9 2 3 0 E - B 4  
S o B S 2 | 2 [ - S 4  
6 . | I E 2 3 E - 0 4  
3 . 2 e 2 8 6 E - 0 4  
? . ? l l B T E - 0 f l  

- - 1 . 1 4 7 3 6 E - 0 4  
- - S e S I S ? S E - 0 4  
- 6 * 6 9 8 © 8 [ - 0 4  
- - 9 * 2 9 2 1 4 E - - B 4  
- s . 0 2 e s ~ E - 0 4  

9 ,  S I 9 9 6 E - 0 4  
? + 2 6 7 4 1 E - - 0 4  
3 . 8 9 1 0 1 E - 0 4  
2 o | S g ~ S E - O 4  
B e 4 G E ? I E - 0 S  

N BODY 

4 . 1 5 1 1 / 1 [  OO YES 
4 o | 5 0 9 T E  O0 YES 
4 e | S i 2 6 E  O0 YES 
4 . | S | | B E  O0 Y~S 
4 . ! 5 1 3 1 E  O0 Y E S  
4 . 1 5 1 9 2 E  O0 YES 
4 e I B 1 7 0 t  O0 YES 
4 * 1 8 2 1 4 ~  OO YES 
4 * | S E I S E  OO YES 
4 0 | 5 2 1 5 E  O0 YES  
4 . 1 5 1 4 6 E  O0 YES 
8 , 1 3 2 6 9 E  00  YES 
4 . 1 5 2 9 5 E  OO YES 
4 e l S E ? r E  0O YES 
4 e t 5 2 3 5 [  OO YES 
4 * 1 5 2 / ' 9 E  OO YES 
4e |S24 "PE  O0 Y~S 
4 . 1 5 2 7 2 E  OO YES 
4 . 1 5 2 1 3 E  O0 YES 
4 . | S I b 3 E  O0  YES  
4 0 1 5 1 0 8 1 [  OO Y E S  
4 e i S t 0 9 1 [  0 0  Y E S  
4 . 1 5 0 9 9 E  O0 Y E S  
4 e l S O 4 0 E  O0 Y E S  
4 * 1 3 0 7 0 E  O0 Y E S  
4 e l E 0 2 5 E  0 0  YES 
4 . 1 5 0 1 4 E  O0 YES 
• . 1 5 0 2 5 E  0O YES 
4 e I B O Z B E  O0 YES 
4 . 1 5 0 2 1 E  O0 YES" 
4 0 1 5 | 4 3 E  O0 YES 
4 o | E ~ O 6 E  0 0 .  YES 
4 e | S l ? 0 E  0O YES 
4 * I S I ? O E  OO YES 
4 o | S I S S E  O0 YES 
4 . 1 B 1 9 4 E  0 0  YES 
4 e l S 2 3 ? E  0 0  YES 
4 . 1 5 2 B S E  O0 YES 
4 * l S 2 9 5 E  SO YES 
4 , 1 5 3 7 6 E  00  YES 
4 . 1 3 3 8 3 E  0 0  YES 
4 e I S 3 8 O E  0~  Y~S 
4 . 1 5 6 1 4 E  0 0 "  VES 
4 . 1 5 4 9 6 E  OO YES 
4 . 1 8 4 9 9 E  O0 YES 
4 . 1 5 5 1 0 E  O0  Y E S  

m 
O 

-n 

Co 

co 



k d  

NO*  

NACH 4 N O Z |  t l  

BODY P O I N T S  AT 2 [  s | , t O O O O E  01  

X Y P 

¢ G = 1 . 2 4 |  

STEP NO. 

RH0 

8 8 4  4 * 9 7 8 3 3 [  0 5  - 8 . 1 3 4 5 0 5 - 0 5  ~ * 0 3 1 1 6 ~ - 0 |  S* 4 ~ ? 9 T E - 0 6  
8 1 3  ~ , 9 4 7 9 4 E  0 0  • 4 * 9 4 | 1 ~ 9 5 - 5 1  $ * 0 3 3 8 8 ~ - 0 1  0 0 4 ~ 9 0 1 E - 0 6  
O M  4 * 8 7 4 4 1 5  5 0  9 9 8 3 4 0 q ~ - 0 |  3007~78~ .  --51 0 o 4 3 0 3 0 0 - - 0 6  
l O T  4 , 7 0 8 5 T ~  0 5  1 * 4 6 0 0 4 5  5 5  3 e O 3 4 3 a E  O| S . 4 3 1 J ? E - S &  
5 8 0  4 . 0 8 8 8 1 5  O0 1 . 9 3 0 3 1 5  O0 3 . 0 ~ 8 9 0 ~ - 0 1  0 . 4 8 3 8 6 5 - 0 6  
SO9 4 0 3 T 3 8 4 5  0 0  " ~ . 3 6 6 3 3 5  Ok 3 . 0 4 1 3 3 £ - 0 1  3 0 4 4 | 4 9 5 - 0 6  
8qlO 4 . 1 0 ~ 0 7 ~  0 5  ~ * 0 1 0 3 7 5  Ok" --" • 0 * 4 4 2 8 3 E  0 6  3 . 0 4 ~ O 6 1 [  01 --' 
291  3 • 7 9 4 3 0 5  0 0  3 * 8 1 4 | 8 5  0 5  3 * 0 4 8 ~ 8 5 - - 0 |  S * 4 4 3 0 7 5 - 0 6  
~ 8  3 * 4 3 3 ~ 8 5  0 0  3 * E Y E | B E  Ok . 3 . 5 4 6 T / 1 [ - 0 1  S * 4 4 9 0 3 5 - 0 6  
"893 3 * 0 0 6 8 9 5  Ok 3 * 5 9 8 | 4 E  0 5  3 * 0 4 7 0 9 P . - - 0 1  S * 4 3 5 3 4 E - 0 6  
8 9 4  2 * 6 3 7 4 4 5  O0 4 * 1 0 4 8 3 1 [  0 0  3 * 0 4 9 8 8 5 - 0 |  3 , 4 5 3 3 3 E - 0 6  
~ 9 0  ~ * ~ 0 9 T 0 1 [  0 5  4 • 4 3 0 | f ~  0 0  3 , 0 S ~ S S E - O ~  E , ~ O T 3 9 G - 0 6  
8 9 ~  1 * 8 0 9 4 8 5  0 9  4 * 6 3 8 0 0 ~  0 5  3 e 0 5 8 3 ~ - - 0 1  0 * 4 5 T T 5 5 - 0 6  
GO? " 1 . $ 4 9 E 0 5  O0 4.7845045.  O0 ] * 0 6 8 3 1 E ~ 0 3  . 0 * 4 5 T 0 4 5 - 0 6  
2 9 5  8 • T 1 8 8 5 5 - 0 1  4 . 5 3 5 3 | E  O0 3 * 0 5 1 2 3 E - - 0 1  0 * ~ 5 5 4 5 5 - 0 6  
2 9 9  3 , 6 9 7 7 ~ E - - 0 1  4 , 9 5 0 7 7 1 [  O0 3 * 0 5 | 6 3 5 - 0 1  E ,  4 S 6 O S E - 0 6  
3 0 0  - | e 4 E S l g ~ * O l  4 * 9 7 0 5 7 1 [  5 0  3 * 0 3 ~ 4 5 - 5 1  5 0 4 5 6 9 4 5 - 0 6  
301. ~ 6 0 3 ~ 0 7 3 5 - 0 1  4*93~Z415 O0 3 * 0 0 8 6 ~ - 0 1  S * 4 S ? E S E - 0 6  
3 0 3  - 1 * 1 1 ~ T ? E  O0 4*8468~q[  O0 3 * O S 3 6 T E - O t  . 5 * 4 3 9 0 0 5 " 0 6  
3 0 3  - 1 o 5 0 3 1 0 5  0 0  4 . ? 1 4 3 4 1 [  O0 3 . O S l l S E * O !  S , 4 3 6 9 1 E - 0 6  
3 0 4  "-  . 0 4 5 5 0 5  9 0  4 . 0 3 4 4 ~  O0 3 . 0 3 ~ S ~ - 0 1  E 0 4 5 ? 4 4 5 - 0 3  
3 0 0  - ~ 0 4 3 3 8 7 5  0 0  4 , 3 0 8 0 3 5  O0 3 o 0 6 1 9 3 5 - 0 1  5 . 4 3 3 0 8 [ - 0 5  
l O S  - - 8 * 8 9 4 T 0 5  5 5  4 * 0 4 ~ 4 ~ E  5 0  3 * 0 4 1 3 3 5 - 0 1  S . 4 5 8 0 8 0 4 6  
3 0 ?  - 3 , 8 T 7 3 4 5  0 5  0 .  T3563~  0 0  $ 0 0 4 9 9 7 E - 0 |  ~ , 4 G 3 6 ? E - O S  
3 0 8  - 3 . 6 3 3 6 5 5  ~ 0  3 * 3 9 4 1 6 5  EL  3 * 0 4 7 ~ E - - 5 1  E * 4 5 0 4 8 5 - ' 0 6  
SO9 ~ 3 * 9 3 8 1 ~ E  0 5  3 * 0 0 9 8 8 5  05  3*0473~E. . -01  5 0 4 3 0 ~ 8 E - 0 6  
3 1 0  - 4 * R 3 9 9 6 5  9 9  8*OqT035  O0 3 . 0 4 T 6 4 5 0 0 |  0 . 4 ~ 3 0 E - 0 5  
311  - 4 . 4 7 9 9 6 5  O0 8 . 1 3 5 3 3 5  0 0  3 . 0 4 3 0 4 5 - G 1  5 . 4 4 7 9 9 5 - 0 6  
3 1 2  - 4 . 6 7 3 7 4 5  5 5  1+G99161[  O0 3 * M 4 9 | G - 0 1  3 . 4 4 6 ~ 6 5 - 0 &  
3 1 3  - 4 . 8 1 9 0 0 5  O0 1 * ~ E 0 5 5  0 5  . 3 * G 4 3 0 6 5 - 5 1  S . 4 4 4 4 ~ E - 0 6  
3 1 4  - 4 0 9 1 7 8 5 E  0 0  ? . S S S 3 g E - 0 1  3 , 0 4 4 7 | 1 ~ + 5 |  0 . 4 4 5 1 3 E - 0 5  
3 1 5  - 4 . 9 6 6 9 3 5  0 0  ~ . 3 9 " F 9 3 E -  01 3 • 0 4 M S [  - 0 1  5 . 4 4 6 0 6 5 - 0 6  
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AEDC-TR-78~8 

NOMENCLATURE 

a Speed of sound  

h Static enthalpy 

L Distance along bicharacteristic 

L, M, N Bicharacteristlc coordinate system 

M Mach number 

n I, n2, n 3 Unit normal to body surface in z, x, y directions 

p Pressure 

Velocity 

.q 

r* Throat radius of axisymmetric nozzle 

R 

T 

Gas constant 

Temperature 

u x component of velocity 

v y component of velocity 

w z component of velocity 

x, y, z Cartesian coordinate system 
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A E DC-T R-78-68 

Mach angle 

Ratio of  specific heats 

Parametric angle for blcharacteristic 
f 

Flow angles defined in Fig. I 

Density 

S U B S C R I P T S  

i = I, 2, ... refer to quantities at given points 

t s  Stagnation conditions along streamline 
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